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Therapeutic and Diagnostic Applications of Genes Differentially Expressed in Lympho- 

Hematopoietic Stem Cells 



Cross Reference to Related Applications 

This application claims the benefit of prior U.S. Provisional Application No. 
60/446,938, filed February 12, 2003, U.S. Provisional Application No. 60/492,632, filed 
August 5, 2003 and U.S. Provisional Application No. 60/526,419 filed December 2, 2003, 
the contents of which are incorporated herein by reference. 

Background 

Tissue and organ transplants save many lives threatened by disease and cancer each 
year. A particularly medically usefiil type of transplantation is allogeneic bone marrow 
transplantation (BMT). Allogeneic bone marrow transplantation may be used to remedy 
acquired defects in either the hematopoietic system or the immune system, since both types 
of cells develop from a common stem cell. Furthermore, allogeneic bone marrow 
transplantation provides a means of correcting inherited enzymatic deficiencies or other 
genetic defects by providing a self-renewing source of the particular enzyme or other gene 
product missing in the affected individual. 

Still further, allogeneic bone marrow transplantation may be used to treat bone 
marrow malignancies - i.e. leukemias. Typically, treatment of leukemia involves the use of 
chemotherapeutic agents which destroy both the patient's normal bone marrow stem cell 
populations and the leukemia cancer cell populations. Accordingly, allogeneic bone 
marrow transplantation must be used following high-dose myeloablative chemotherapy 
and/or radiation therapy to restore the normal red and white blood cell progenitor cell 
populations in the patient. For the treatment of other cancers not involving the patient's 
bone marrow, the patient's own bone marrow may be harvested prior to and reinfiised 
following chemotherapy and/or radiation therapy in what is called an autologous bone 
marrow transplant. 

Due to the uiability to transfer only the stem cell population, the applicability of 
allogeneic BMT remains restricted by graft vs. host disease (GVHD), which is apparentiy 
mediated mainly by T lymphocytes in the graft cell population. Risk of GVHD has limited 
allogeneic BMT to use only in highly fatal diseases, and even then, only for patients with 
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HLA-matched donors, usually siblings. Autologous BMT can avoid most of the problems 
associated with allogeneic transplants. In autologous BMT, however, it is necessary to 
reintroduce only desirable cell populations free of diseased cell populations (e.g., occult 
tumor cells) to avoid re-introduction of the disease. 

Many of the problems associated with both allogeneic and autologous BMT can be 
alleviated by using purified stem cell populations for the graft. Purified stem cell 
populations can be obtained from marrow cell suspensions by positive selection (collecting 
only the desired cells) or negative selection (removing the undesirable cells), and the 
technology for capturing specific cells on affinity materials is well developed (Wigzel et al., 
(1969) /. Exp. Med,, 129:23; Schlossman et al., (1973) 1 ImmiinoL, 110:313; Mage et al., 
(1977) y. Immunol MetK 15:47; Wysocki et al., (1978) Proc, Nat Acad. Scu, 75:2844; 
Schrempf-Decker et al., (1980) 1 Immunol Metlu, 32:285; MuUer-Sieburg et al., (1986) 
Cell, 44:653). 

Monoclonal antibodies against antigens peculiar to mature, differentiated cells have 
been used in a variety of "negative" selection strategies to remove undesired cells (i.e. to 
deplete T cells or malignant cells from allogeneic or autologous marrow grafts respectively) 
(Gee et al, (1988) JMCL 80:154-9; Gee et al., (1987) ''Proa of 1st Int. Workshop on Bone 
MarroMf Purging'* in Bone Marrow Transpl, Supp. 2, London, MacMillan). Successful 
purification of human hematopoietic cells by negative selection with monoclonal antibodies 
and immunomagnetic microspheres has been reported which involved the use of multiple 
monoclonal antibodies, thus making it more costly for clinical application than positive 
selection (Griffin et al., (1984) Blood, 63:904; Kannourakis, et al, (1987) Exp. Hematology, 
15:1 103-1 108). Furthermore most studies report only 1 to 2 orders of magnitude reduction 
in the target cell level following monoclonal antibody treatment. This may not be adequate 
T lymphocyte depletion necessary to prevent GVHD in allogeneic transplants, and it is 
certainly insufiScient for the purpose of removing cancer cells in autologous bone marrow 
transplantation where 10** to 10^ malignant cells may be present in the patient's marrow. 

Positive selection of normal marrow stem cells is an alternative for treatment of the 
bone marrow graft. The procedure employs a monoclonal antibody which selectively 
recognizes human lymphohematopoietic progenitor cells, such as the anti-MYlO 
monoclonal antibody that recognizes an epitope on the CD34 glycoprotein antigen. Cells 
expressing the CD34 antigen include essentially all unipotent and multipotent human 
hematopoietic colony-forming cells (including the pre-colony forming units (pre-CFU) and 
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the colony fonning unit-blasts (CFU-Blast)) as well as the very earliest stage of committed 
B lymphoid cells, but NOT mature B cells, T cells, NfC cells, monocytes, granulocytes, 
platelets, or erythrocytes. See Civin, U.S. Pat. No. 4,714,680. This method of isolating 
CD34^ cells results in a mixed cell population of stem and progenitor cells that includes all 
hneages and stages of lympho-hematopoietic stem and progenitor cells and some later 
precursor cells. Such positive selection procedures additionally suffer from some 
disadvantages including the presence of materials such as antibodies and/or magnetic beads 
on the CD34^ cells, and damage to the cells resulting from the removal of these materials. 
In addition, researchers want to focus down on only the most primitive of the cells within 
the CD34'*' cell population (see below). 

Accordingly, there is a continued interest in finding other methods to either replace 
or augment current methods of isolating cell populations that are enriched in primitive in 
vivo engrafting hematopoietic stem cells. One way to achieve this is to gain a better 
understanding of the molecular signature of in vivo engrafting hematopoietic stem cells and 
on this basis, develop better methods of obtaining purer populations of such stem cells. 

The study of hematopoiesis until recently, has been limited because of the 
complexity of isolating a homogenous purified stem cell population. A small number of m 
vivo engrafting (lympho-)hematopoietic stem cells (HSCs), present in bone marrow (BM), 
placental/umbilical cord blood (CB), or growth-factor-mobilized peripheral blood (PBSC) 
give rise to progressively more lineage-committed hematopoietic progenitor cells (HPCs), 
which in turn produce all of the mature blood and immune cells, and probably endothelial 
cells as well. In humans, most HSCs and HPCs express the CD34 phosphoglycoprotein 
protein and mRNA. /// vivo engrafting HSCs comprise «1% of the total CD34^ cell 
population. Other markers, such as efficient efflux pumping of rhodamine or Hoescht dyes, 
or CD 133, that enrich for primitive hematopoietic stem-progenitor cell (HSPC) 
subpopulations have also been described, but are much less extensively characterized for 
human as opposed to mouse HSPCs, with regard to HSC function such as repopulation and 
engraftment ability (Civin et al., (1996) J Clin OncoL, 14:2224-2233; Larochelle et al., 
(1996) Nat Med., 2:1329-1337; Krause et al., (1996) Blood, 87:1-13; Civin et al., (1984) /. 
Immunology, 133:157-165 and Bhatia et al., (1998) Nat Med,, 4:1038-45). 

A significant body of work has been reported on the gene expression of mouse 
HSPCs. For example, initial studies used cDNA/RT-PCR-based subtraction libraries of 
transcripts expressed in mouse fetal liver (Phillips et al., (2000) Science, 288:1635-1640) or 
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BM (Terskikh et al, (2001) Proc. Natl Acad. Set U.S.A., 98:7934-7939) HSPCs, and 
found hundreds to thousands of transcripts over-represented in HSPCs, as compared to 
more mature hematopoietic cells. Park et al., ((2002) Blood, 99:488-498), using a 
subtractive microarray approach to compare mouse HSC-enriched Thyl.lloc-kit+Sca- 
lhiLin-/lo cells to HPC-enriched populations, foxmd that approximately 5000 cDNA clones 
were differentially expressed between the two populations. Terskikh et al, ((2001) Proc. 
Natl Acad. Sci. U.S.A., 98:7934-7939) used nylon cDNA arrays, containing a limited set of 
1,176 genes, to examine gene expression of mouse HSCs, common myeloid, granulocyte- 
macrophage, megakaryocyte-erythrocyte, and lymphoid progenitors, and pro-B, and pro-T 
cells. Although this study examined only a handful of genes, the authors showed that a 
number of hematopoiesis-specific genes were expressed by HSCs. The expression of these 
genes decreased in progressively more committed HPCs, which at the same time, began to 
express lineage-specific genes. Akashi et al., ((2003) Blood, 101:383-389 ) performed a 
similar study with 24,000 gene oligonucleotide arrays. In addition to confirming the prior 
study, they found that HSCs expressed a number of *'non-hematopoietic" genes. 

However, due to the difficulties of isolating numbers of higlily purified HSC- 
enriched sub-populations sufficient to produce the quantities of RNA needed for microarray 
hybridization, to date only a handful of studies have attempted similar gene expression 
analyses with human HSPCs. Instead, most previous microarray analyses of human HSPCs 
have had to use relatively unpurified, "total" CD34"*" cell preparations (only «1% of which 
are HSCs), rather than more highly HSC-enriched subpopulations of CD34'^ cells. As an 
example, Steidl et al., ((2002) Blood, 99:2037-2044) examined the expression of 1185 
genes from BM and PBSC (total) CD34^ cells. They found 65 genes differentially 
expressed, some of which may explain the higher levels of cell cycUng in CD34'*" cells from 
BM, as compared to PBSC. A further example includes a recent investigation that analyzed 
the total CD34^ cell population by SAGE (Zhou et al. (2001) Proc. Natl Acad. ScL, 
98:13966-13971); myeloperoxidase was one of the genes found to be expressed in total 
CD34'^ cells. However, myeloperoxidase is expressed only in committed phagocytic 
precursors and phagocytes, not in undifferentiated HSCs. (Wang et al., (2001) Leukemia 
17:779-786; Friedman et al., (1996) Curr Top Microbiol Jinmunol, 211:149-157; Friedman 
et aL, (1996) LeukRes,, 20:809-815) 

While these studies defined genes expressed in tfie total CD34^ cell population, 
these analyses may have missed expression of key human HSC genes or misinterpreted 
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their expression in HSCs versus more mature HPCs. In other words, these studies most 
likely identified genes expressed principally in HPCs, not HSCs. In addition, only 
relatively small-scale microarray gene expression analyses have been reported (generally 
<5000-12,000 known genes), further limiting the impact of these studies of human HSPCs. 

Two recent studies have begun to define a general gene expression phenotype for 
stem cells. Ramalho-Santos et al., ((2002) Science, 298:597-600) examined the 
transcriptomes of "side population" (SP) mouse BM Kit+Lin-Sca-1+ HSC-enriched cells, 
mouse neurospheres, and a mouse embryonic stem cell (ESC) line. Four transcripts were 
expressed in all three stem cell types, but not in more mature cell types. An additional 212 
transcripts were highly enriched in the three types of stem cells, but these genes were also 
detected in more mature cell types. Ivanova et al., ((2002) Science, 298:601-4) examined 
the transcriptomes of mouse adult BM Kit'*"Lin''Sca-l'** Rho'°^, mouse fetal liver Kif*Lin" 
Sca-1"*" AA4.1^ and human fetal liver CD34"*"/CD387Lin HSC-enriched cell populations, as 
well as mouse neurosphere SP cells and a mouse ESC line. 322 transcripts were enriched 
in all these HSPC populations, and 283 transcripts in all three stem cell types. Interestingly, 
both these groups found that approximately half of the genes expressed in the stem cell- 
enriched populations had unknown function or were ESTs. Yet, similar to previous work 
with HSPCs, these investigations studied mainly mouse cells, examining only one human 
cell population. In addition, comparison of the lists of stem cell-overexpressed genes firom 
these two studies reveals that only 6 genes were common to both lists (Fortunel et al, 
(2003) Science, 302:393; Evsikov et al, (2003) Science, 302:393 and Vogel, G. (2003) 
Science, 302:393). 

Accordingly there is still a need for a detailed molecular characterization of highly 
enriched human hematopoietic stem cells (HSCs) to identify a set of genes that might 
include candidate regulators involved in the survival, self-renewal, differentiation and/or 
migration/adhesion capacities of human HSCs, as well as, genes that may be targets in 
"cancer stem cells" which give rise to blood cancers. 

Summaty 

In one aspect, the invention features a support matrix having attached thereto a 
polynucleotide of sufficient length to hybridize specifically to a complementary 
polynucleotide in solution under high stringency hybridization conditions, wherein said 
polynucleotide has a sequence complementary to a gene selected from the genes listed in 



5 



wo 20U4/071464 



PCT/US2004/004544 



Table 1. Such support matrices may have attached thereto a plurality of said 
polynucleotides. For example, there may be at least 10, 20, 50, or 100 said polynucleotides 
attached to the support matrix. The polynucleotides may have a sequence complementary 
to a gene selected from the group consisting of: CD52, KIT, FLT3, GATA-2, GATA-3, 
p27, HoxA5, HoxA9, CD34, and MDR2. The polynucleotides may also have a sequence 
complementary to Hepatic Leukemia Factor (HLF) or PPHN cDNA, CEBPB cDNA, 
GATA-3 cDNA, HoxA3 cDNA, HoxB6 cDNA, hepatopoietic Pbx-interacting protein 
(HPIP) cDNA, Krupple-like factor 2 (KLF2) cDNA, Krupple-like factor 4 (KLF4) cDNA, 
myelodysplastic syndrome gene 1 (MDSl) cDNA, NRIP1/RIP140 cDNA or histone cDNA. 
The polynucleotide may further have a sequence complementary to a gene listed in Table 1, 
the expression of which is increased at least 2, 5, 10, or 15 fold in CD34'^/CD38'/Lin' cells 
over CD34'^/CD38+/Lin+ cells in bone marrow, cord blood, mobilized peripheral blood or 
non-mobilized blood. The polynucleotide may have a sequence complementary to a gene 
listed in Table 1 , said gene having a known or predicted function. The polynucleotide may 
also have a sequence complementary to a gene listed in Table 1, said gene having a 
function selected from the group consisting of signaling, transcription, and DNA structure. 
The polynucleotide may also have a sequence complementary to a gene listed in Table 1, 
said gene having an unknown function. 

In another aspect, the invention also features a support matrix having attached 
thereto a polynucleotide of sufficient length to hybridize specifically to a complementary 
poljTiucIeotide in solution under high stringency hybridization conditions, wherein said 
polynucleotide has a sequence complementary to a gene selected from the list of genes in 
Table 2. Such support matrices may have attached thereto a plurality of said 
polynucleotides. For example, there may be at least 10, 20, 50, or 100 said polynucleotides 
attached to the support matrix. Said polynucleotides may have a sequence complementary 
to a gene listed in Table 2, the expression of which is decreased at least 2, 5, 10, or 15 fold 
in CD34+/CD38-/Lin- cells over CD34+/CD38+/Lin+ cells in bone marrow, cord blood, 
mobihzed peripheral blood or non-mobilized blood. Said polynucleotides may have a 
sequence complementary to a gene listed in Table 2, said gene having a known or predicted 
function. For example, said gene may have a function selected from the group consisting of 
signaling, transcription, cell cycle, and protein synthesis. Said gene may have an unknown 
function. 
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The invention also features a method of identifying whether a cell suspension 
comprises hematopoietic stem cells, comprising the steps of: providing a cell suspension of 
bone marrow, umbilical cord blood, mobilized peripheral blood cells or non-mobilized 
blood; obtaining mKNA from the cell suspension; assaying said mRNA for the presence of 
mRNA species which hybridize to a polynucleotide of sufficient length to hybridize 
specifically to a complementary polynucleotide under high stringency hybridization 
conditions, wherein said polynucleotide has a sequence complementary to a gene selected 
from the genes listed in Table 1. The method may ftirther comprise the steps of 
substantially enriching the cell suspension in cells displaying the CD34 antigen on the cell 
surface; substantially depleting the cell suspension of cells displaying the CD38 antigen on 
the cell surface; and substantially depleting the cell suspension of cells displaying the Lin 
antigen on the cell surface. The method may ftirther include carrying out substantially 
enriching and depleting steps prior to obtaining mRNA from the cell suspension. The 
assaying step as described in the method may be carried out by contacting said mRNA with 
a support matrix having said polynucleotide attached thereto. The support matrix may have 
a plurality of said polynucleotides attached thereto. The method may ftirther include 
culturing the said cell suspension prior to obtaining mRNA from the cell suspension. 

The invention ftirther features a method of determining when a cultured cell 
suspension derived from bone marrow, cord blood, mobihzed peripheral blood or non- 
mobilized blood has become substantially enriched in hematopoietic stem cells, comprising 
the steps of obtaining mRNA from the cultured cell suspension; and assaying said mRNA 
for the presence of mRNA species which hybridize to a polynucleotide of sufficient length 
to hybridize specifically to a complementary polynucleotide under high stringency 
hybridization conditions, wherein said polynucleotide has a sequence complementary to a 
gene selected from the genes listed in Table 1, wherein the presence of an mRNA species 
which hybridizes specifically to said polynucleotide indicates that said cultured cell 
suspension has become enriched in hematopoietic progenitor cells. The said cultured cell 
suspension may be substantially enriched in cells displaying the CD34 surface antigen and 
may also be substantially depleted of cells displaying the CD38 and Lin antigens. 

In a another aspect, the invention features a method of reconstituting hematopoiesis 
in a subject in need thereof, comprising the steps of providing a cultured cell suspension of 
histocompatible bone marrow, umbilical cord blood, or mobilized peripheral blood cells or 
non-mobilized blood cells; assaying said cultured cell suspension for the presence of a 
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hematopoietic stem cell mRNA species according to previously described methods and, if 
said mRNA species is present, administering said cultured cell suspension to the subject in 
need thereof. 

In a further aspect, the invention also provides for a method of determining whether 
cells having undesired proliferative capacity are present in a subject having leukemia or 
lymphoma, comprising the steps of: obtaining a tissue sample comprising blood cells from 
said subject; obtaining mRNA from cells in said tissue sample; assaying said mRNA for the 
presence of mRNA species which hybridize to a polynucleotide of sufficient length to 
hybridize specifically to a complementary polynucleotide under high stringency 
hybridization conditions, wherein said polynucleotide has a sequence complementary to a 
gene selected from the genes listed in Table 1, wherein the presence of an mRNA species 
which hybridizes specifically to said polynucleotide indicates that said tissue sample 
comprises cells having undesired proliferative capacity. 

The invention fiirther features a method of identifying whether a cell suspension 
comprises hematopoietic stem cells, comprising the steps of: providing a cell suspension of 
bone marrow, umbilical cord blood, mobilized peripheral blood cells or non-mobilized 
blood cells; obtaining mRNA from the cell suspension; assaying said mRNA for the 
presence of mRNA species which hybridize to a polynucleotide of sufficient length to 
hybridize specifically to a complementary polynucleotide under high stringency 
hybridization conditions, wherein said polynucleotide has a sequence complementary to a 
gene selected from the genes listed in Table 1; and assaying said mRNA for the presence of 
mRNA species which hybridize to a polynucleotide of sufficient length to hybridize 
specifically to a complementary polynucleotide under high stringency hybridization 
conditions, wherein said polynucleotide has a sequence complementary to a gene selected 
fh)m the genes listed in Table 2, wherein an enrichment of mRNA species assayed as 
described and a depletion of mRNA species assayed as described indicates the presence of 
hematopoietic stem cells in said cell suspension. The method may further comprise the 
steps of substantially enriching the cell suspension in cells displaying the CD34 antigen on 
the cell surface; substantially depleting the cell suspension of cells displaying the CD38 
antigen on the cell surface; and substantially depleting the cell suspension of cells 
displaying the Lin antigen on the cell surface. Said substantially enriching and depleting 
steps may be carried out prior to obtaining mRNA from the cell suspension. Said cell 
suspension may be cultured prior to obtaining mRNA from the cell suspension. 
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The invention also features a method of detennining when a cultured cell 
suspension derived from bone marrow, cord blood, mobilized peripheral blood or non- 
mobilized blood has become substantially enriched in hematopoietic stem cells, comprising 
the steps of obtaining mKNA from the cultured cell suspension; assaying said mRNA for 
the presence of mRNA species which hybridize to a polynucleotide of sufficient length to 
hybridize specifically to a complementary polynucleotide under high stringency 
hybridization conditions, wherein said polynucleotide has a sequence complementary to a 
gene selected from the genes listed in Table 1; and assaying said mRNA for the presence of 
mRNA species which hybridize to a polynucleotide of sufficient length to hybridize 
specifically to a complementary polynucleotide under high stringency hybridization 
conditions, wherein said polynucleotide has a sequence complementary to a gene selected 
from the genes listed in Table 2, wherein an enrichment of mRNA species assayed as 
described and a depletion of mRNA species assayed as described indicates the presence of 
hematopoietic stem cells in said cell suspension. 

In a further aspect, the invention features a method of reconstituting hematopoiesis 
in a subject in need thereof, comprising the steps of providing a cultured suspension of 
histocompatible bone marrov/, umbihcal cord blood, mobilized peripheral blood cells or 
non-mobilized blood cells; assaying said cultured cell suspension for the presence of 
hematopoietic stem cell mRNA species as described; and, if said mRNA species is present, 
administering said cultured cell suspension to the subject in need thereof Said cultured cell 
suspension may be substantially enriched in cells displaying the CD34 surface antigen or 
may be substantially depleted of cells displaying the CD38 and Lin antigens. 

The invention also features a method of determining whether cells having undesired 
proliferative capacity are present in a subject having leukemia or lymphoma, comprising 
the steps of obtaining a tissue sample comprising blood cells from said subject; obtaining 
mRNA from cells in said tissue sample; assaying said mRNA for the presence of mRNA 
species which hybridize to a polynucleotide of sufficient length to hybridize specifically to 
a complementary polynucleotide under high stringency hybridization conditions, wherein 
said polynucleotide has a sequence complementary to a gene selected from the genes listed 
in Table 1; and assaying said mRNA for the presence of mRNA species which hybridize to 
a polynucleotide of sufficient length to hybridize specifically to a complementary 
polynucleotide under high stringency hybridization conditions, wherein said polynucleotide 
has a sequence complementary to a gene selected from the genes listed in Table 2, wherein 
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an enrichment of mRNA species assayed in step (c) and a depletion of mRNA species 
assayed in step (d) indicates that said tissue sample comprises cells having undesired 
proliferative capacity. 

In yet another aspect, the invention features a biochip comprising a support matrix 
having attached thereto a plurality of polynucleotides of sufiGcient length to hybridize 
specifically to a complementary polynucleotide in solution under high stringency 
hybridization conditions, wherein said polynucleotides have sequences complementary to 
genes selected independently firom the genes listed in Table 1 . The invention also features a 
biochip comprising a support matrix having attached thereto a plurality of polynucleotides 
of suJBBcient length to hybridize specifically to a complementary polynucleotide in solution 
under high stringency hybridization conditions, wherein said polynucleotides have 
sequences complementary to genes selected independently fi-om the genes listed in Table 2. 

In another aspect, the invention features an isolated population of cells substantially 
enriched in hematopoietic stem cells over-expressing mRNA of genes listed in Table 1. 
The isolated population may further under-express mRNA of genes listed in Table 2. This 
invention further features a method of making a neural cell comprising culturing a 
hematopoietic stem cell as described n a media that contains an appropriate amount of a 
neural cell differentiation factor under appropriate conditions and for a sufficient period of 
time for the hematopoietic stem cell to differentiate into a neural cell. The invention also 
features a method of making an endothelial cell comprising culturing a hematopoietic stem 
cell as described in a media that contains an appropriate amount of a endothelial cell 
differentiation factor under appropriate conditions and for a sufficient period of time for the 
hematopoietic stem cell to differentiate into an endothelial cell. The invention further 
features a method of making a hepatocyte comprising culturing a hematopoietic stem cell as 
described in a media that contains an appropriate amount of a hepatocyte differentiation 
factor under appropriate conditions and for a sufficient period of time for the hematopoietic 
stem cell to differentiate into a hq)atocyte. The invention also features a method of making 
a muscle cell comprising culturing a hematopoietic stem cell as described in a media that 
contains an appropriate amount of a muscle cell differentiation factor under appropriate 
conditions and for a sufficient period of time for the hematopoietic stem cell to differentiate 
into a muscle cell. 

Other features and advantages of the invention will be apparent based on the 
following Detailed Description and Claims. 
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Brief Description Of The Drawings 

Figure 1 A is a Venn diagram depicting the numbers of genes expressed in BM, CB, 
and/or PBSC CD34^/CD387Lin' populations. Gene expression results from the U133 A 
and B chips were analyzed with Affymetrix MAS 5.0 software. Only transcripts scored as 
"Present" (i.e., detectably expressed) in CD34"^/CD38'/Lin" cells from both the duplicate 
samples for each tissue source were included. Shown are transcripts (A) expressed in all 
three tissues; transcripts expressed in (B) BM, (C) CB, or (D) PBSC; (E) transcripts 
expressed in BM and CB, (F) in BM and PBSC, or (G) in CB and PBSC. Figure IB is a 
bar graph showing the functional categorization, based on the Gene Ontology (GO) 
Consortium (http://www.geneontology.org/) classification system, of the 4746 common 
transcripts. 

Figure 2A is a Venn diagram depicting the numbers of genes over-represented in 
the CD34'^/CD38"/Lin" population from one, two, and/or all three tissues compared to the 
CD34"'/[CD38/Lin]'^ population from BM, CB, and/or PBSC. Genes over-represented in 
the CD34^/CD387Lin" preparations from (A) all three tissues are listed in Table 1. Results 
from the U133 A and B chips were subjected to statistical analysis with GeneSpring 5.0.2 
to generate p-values for the CD34VCD3S'/Lin vs. the CD34V[CD38/Lin]'^ populations 
from each tissue. Only genes meeting the 90% confidence level for fold difference in 
transcript expression and greater than >2-fold over-represented in the CD34^/CD387Lin 
population are included. Shown are genes over-represented in the CD34VCD387Lin" 
populations from (B) BM, (C) CB, or (D) PBSC; from (E) BM and CB, from (F) BM and 
PBSC, or from (G) CB and PBSC. Figure 2B is a bar graph showing the fimctional 
categorization of the 81 genes over-expressed in the CD34VCD38"/Lin populations from 
all three tissues, based on the GO classification system. Figure 3A is a Venn diagram 
depicting the numbers of genes under-represented in the CD34^/CD38"/Lin" population 
from one, two, and/or all three tissues compared to the CD34*/[CD38/Lin]^ population 
from BM, CB, and/or PBSC. Genes under-represented in the CD34VCD38"/Lin" population 
from (A) all three tissues are listed in Table 2. Results were analyzed as in Figure 2. 
Shown are genes over-represented in the CD34+/CD38-/Lin- populations from (B) BM, (C) 
CB, or (D) PBSC; from (E) BM and CB, from (F) BM and PBSC, or from (G) CB and 
PBSC. Figure 3B is a bar graph showing the fimctional categorization of the 90 genes 
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under-expressed in the CD34"**/CD38"/Lin populations from all three tissues, based on the 
GO classification system. 

Figure 4 shows flow cytometry plots depicting isolated CD34'*^/CD387Lin" and 
CD34V[CD38/Lin]^ cell populations from BM, CB, and PBSC. 1.8-2.8 xlO'' viable cells 
per sample were FACS sorted. The average RNA content (-1.5 pg/cell) of both 
CD34''/CD38"/Lin" and CD34V[CD38/Lin]'^ cells dictated a requirement for -IxlO^FACS- 
sorted cells per cell population to yield sufficient RNA for transcriptome analysis. 
Therefore for these experiments, the 5-10% of cells with the highest and the lowest 
intensity of FITC fluorescence (corresponding to expression of the CD38/Lin marker 
cocktail) were sorted by FACS as the CD34''/[CD38/Lin]'^ and CD34^/CD387Lin cell 
preparations, respectively. This resulted in 8% of the cells from CB (a single FACS sort), 
8.5% from BM (average of two sorts), and 9% from PBSC (average of two sorts) being 
isolated as the CD34VCD387Lin" and CD34V[CD38/Lin]'^ cell populations. CB cells 
yielded 2 ^g RNA for the CD34VCD38'/Lin and 2.3 pg for the CD34''/[CD38/Lin]^ cells; 
BM (average of two samples) 1.6 \ig and 1.6 pg, and PBSC (average of two samples) 1.5 
pg and 1.1 pg, respectively. Re-analyses of the starting CD34^ cells and the FACS-sorted 
cells are shown for one of the FACS sorts for each tissue. The FACS re-analyses 
demonstrated that the isolated cell populations were highly amched. 

Figure SA and B show a bar graph depicting qRT-PCR verification of select over- 
and under-represented genes as indicated by microarray analysis. Twenty-six transcripts 
from the (A) over-represented and seventeen transcripts from the (B) under-represented 
lists were selected for validation by quantitative real-time RT-PCR. For those genes over- 
expressed by the HSC, five that appeared to be transcription factors, the four highest 
expressed, and the remaining were chosen at random. This resulted in a panel of genes that 
included the spectrum of fold differences, ranging from 2-fold to 60-fold. For those the 
under-expressed, the tested genes were chosen at random. 

Detailed Description 
L General 

The invention is based at least in part on the discovery of novel groups of genes 
and/or their encoded gene products that are differentially represented in two highly enriched 
CD34*/CD387Lin" and CD34*/[CD38/Lin]'^ hematopoietic cell populations isolated from 
normal human bone marrow, cord blood, and peripheral blood stem cell preparations. 
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CD34"*^/CD387Lin cells from each of these tissues are capable' of fully reconstituting 
lympho-hematopoiesis by in vivo engraftmenl assays whereas CD34V[CD38/Lin]^ cells 
are known to be depleted of in vivo engrafting HSCs and enriched in later HPCs. 

The novel group of genes and/or their encoded gene products were discovered by 
comparing the gene expression profiles of the CD34'*^/CD387Lin" HSC-enriched population 
to those of the complementary CD34V[CD38/Lin]'*^ HSC-depleted population from each 
tissue source via the commercially available Affymetrix U133 A and B gene chips. Both 
these gene chips contain 45,102 individual genetic targets that include known genes, 
predicted genes and ESTs. SAGE confirmed expression levels of 94% of the over- 
represented transcripts. In addition, SAGE detected '--5%% more transcripts than the 
oligonucleotide microarrays, a large proportion of which were expressed only in the HSC- 
enriched population. This novel group of genes and/or their encoded gene products of 
genes include candidate regulators involved in the survival, self-renewal, differentiation 
and/or migration/adhesion capacities of human HSCs, as well as genes that may be targets 
in "cancer stem cells" which give rise to blood cancers. 

The present invention also contemplates gene and/or protein expression profiling 
based on the novel group of genes and/or their encoded gene products that are over- or 
under-represented in CD34VCD38"/Lin' HSC-enriched populations as compared to 
CD34**'/[CD38/Lin]^ HSC-depleted populations. In a further embodiment, the roles of this 
novel group of genes and/or their encoded gene products as listed in Table 1 and Table 2 in 
survival, self-renewal, differentiation and/or migration/adhesion capacities of human HSCs, 
potential therapeutic targets of blood cancers may be investigated by methods as described 
below and/or by methods known to persons of skill in the art. 

2. Definitions: 

For convenience, certain terms employed in the specification, examples, and 
appended claims are collected here. Unless defined otherwise, all technical and scientific 
terms used herein have the same meaning as commonly understood by one of ordinary skill 
in the art to which this invention belongs. 

The articles "a" and "an" are used herein to refer to one or to more than one (i.e., to 
at least one) of the grammatical object of the article. By way of example, "an element" 
means one element or more than one elmient. 
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The term "antibody" as used herein is intended to include whole antibodies, e.g., of 
any isotype (IgG, IgA, IgM, IgE, etc), and includes ifragments thereof which are also 
specifically reactive with a vertebrate, e.g., mammalian, protein. Antibodies can be 
jfragmented using conventional techniques and the fragments screened for utility in the 
same maimer. Thus, the term includes segments of proteolytically-cleaved or 
recombinantly-prepared portions of an antibody molecule that are capable of selectively 
reacting with a certain protein. Nonlimiting examples of such proteolytic and/or 
recombinant firagments include Fab, F(ab')2, Fab', Fv, and single chain antibodies (scFv) 
containing a V[L] and/or V[H] domain joined by a peptide linker. The scFv's may be 
covalently or non-covalently linked to form antibodies having two or more binding sites. 
The subject invention involves the use of polyclonal, monoclonal, humanized, or other 
purified preparations of antibodies and recombinant antibodies. 

"Antisense" nucleic acid refers to oligonucleotides or polynucleotides which 
specifically hybridize (e.g., bind) under cellular conditions with a gene sequence, such as at 
the cellular raRNA and/or genomic DNA level, so as to inhibit expression of that gene, e.g., 
by inhibiting transcription and/or translation. The binding may be by conventional base 
pair complementarily, or, for example, in the case of binding to DNA duplexes, through 
specific interactions in the major groove of the double helix. 

As used herein, "CD34" refers to a glycoprotein found on immature hematopoietic 
cells and endothelial cells (Krause et al., (1996) Blood 87:1). CD34 may also be known as 
gp 105- 120 or as My- 10 antigen. 

The term "CD38" refers to a cell surface protein expressed on activated T-cells, 
terminally differentiated B-cells, early B- cells, monocytes, multiple myelomas, most cases 
of Acute Lymphoblastic leukemia (ALL) (both T and B lineage), and some Acute Myeloid 
Leukemia (AML). CDS 8 is a single-chain Type 11 transmembrane protein and may 
sometimes be referred to as TIG (Jackson et al, (1990) Immwu 144: 281 1-2815). 

"Complementary" or "complementarity*', refer to the natural binding of 
polynucleotides under permissive salt and temperature conditions by base-pairing. For 
example, the sequence "A-G-T" binds to the complementary sequence 'T-C-A". 
Complementarity between two single-stranded molecules may be "partial", in which only 
some of the nucleic acids or portions of the nucleic acids bind, or it may be complete or 
perfect when total complementarity exists between the single stranded molecules. The 
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degree of complementarity between nucleic acid strands has significant effects on the 
efficiency and strength of hybridization between nucleic acid strands. 

"Derived firom" as that phrase is used herein indicates a peptide or nucleotide 
sequence selected from within a reference sequence. A peptide or nucleotide sequence 
derived firom a named sequence may contain a small number of modifications relative to the 
parent sequence, in most cases representing deletion, replacement or insertion of less than 
about 15%, preferably less than about 10%, and in inany cases less than about 5%, of amino 
acid residues or base pairs present in the parent sequence. In the case of DNAs, one DNA 
molecule is also considered to be derived firom another if the two are capable of selectively 
hybridizing to one another. 

"Derivative" refers to the chemical modification of a polypeptide sequence, or a 
polynucleotide sequence. Chemical modifications of a polynucleotide sequence may 
include, for example, replacement of hydrogen by an alkyl, acyl, or amino group. A 
derivative polynucleotide encodes a polypeptide which retains at least one biological or 
immimological function of the natural molecule. A polypeptide derivative is a polypeptide 
modified by glycosylation, pegylation, or any similar process that retains at least one 
biological or immunological function of the polypeptide fi-om which it was derived. 

"Detection agents of genes" refer to agents that may be used to specifically detect 
the gene or other biological molecule relating to it, e.g., RNA transcribed from the gene and 
polypeptides encoded by the gene. Exemplary detection agents are nucleic acid probes, 
which hybridize to nucleic acids corresponding to the gene, and antibodies. 

The term "depleted" or "depleting" as used herein, means that a population of cells 
comprises a detectably lower level of the depleted cell type than an otherwise identical cell 
population not subjected to selection against that cell type. The level of depletion may be 
determined by comparing the number of cells of interest in an unselected population to the 
number of cells of interest in a population selected for absence of a particular trait or 
marker by a cell selection method. 

"Differentiation" refers to the process by which a cell becomes speciaUzed for a 
specific structure or function by selective gene expression of some genes and selective 
repression of others. 

"Differential expression" refers to both quantitative as well as qualitative 
differences in a gene's temporal and/or tissue expression patterns. Differentially expressed 
genes may represent "target genes". Alternatively, "differential expression" may also refer 
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to both quantitative as well as qualitative differences in a protein's temporal and/or tissue 
expression patterns. 

"Differential gene expression" between cell A and cell B refers to the differences in 
gene expression between cell A and cell B. A differential gene expression profile may also 
be obtained between a cell at one time point and a cell at another time point, or between a 
cell incubated or contacted with a compound and a cell that was not incubated with or 
contacted with the compound. 

An "ejBFective amount" is an amount sufficient to produce a beneficial or desired 
clinical result upon treatment. An effective amount can be administered to a patient in one 
or more doses. In tenns of treatment, an effective amount is an amount that is sufficient to 
palliate, ameliorate, stabilize, reverse or slow the progression of the disease, or otherwise 
reduce the pathological consequences of the disease. The effective amount is generally 
determined by the physician on a case-by-case basis and is within the skill of one in the art. 
Several factors are typically taken into account when determining an appropriate dosage to 
achieve an effective amount. These factors include age, sex and v/eight of the patient, the 
condition being treated, the severity of the condition and the form and effective 
concentration of the agent administered. 

By the term "engrafting" or "engraftment" is meant the persistence of proliferating 
stem cells in a particular location over time in an animal, such as a human. Thus, early 
repopulating stem cells do not persist for more than about 6 weeks, whereas late 
repopulating stem cells persist for longer, and preferably much longer, than about 6 weeks. 

The term "enriched" or "enriching" as used herein, means that a population of cells 
comprises a detectably higher level of the emiched cell type than an otherwise identical cell 
population not subjected to selection for that cell type. The level of enrichment may be 
determined by comparing the number of cells of interest in an unselected population to the 
number of cells of interest in a population selected for a particular trait or marker by a cell 
selection method. 

"Equivalent" when used to describe nucleic acids or nucleotide sequences refers to 
nucleotide sequences encoding fimctionally equivalent polypeptides. Equivalent nucleotide 
sequences will include sequences that differ by one or more nucleotide substitutions, 
additions or deletions, such as allelic variants; and will, therefore, include sequences that 
differ from the nucleotide sequaice of the nucleic acids referred to in the Tables 1 and 2 
due to the degeneracy of the genetic code. 
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"Expression profile" which is used interchangeably herein with "gene expression 
profile" and "finger print" of a cell, refers to a set of values representing mRNA levels of 
20 or more genes in a cell. An expression profile preferably comprises values representing 
expression levels of at least about 30 genes, preferably at least about 50, 100, 200 or more 
genes. Expression profiles preferably comprise an mRNA level of a gene which is 
expressed at similar levels in multiple cells and conditions, e.g., GAPDH. Where indicated 
the "expression profile" may also include protein expression profile of a cell. 

The "profile" of a cell's biological state refers to the levels of various constituents of 
a cell that are known to change in response to drug treatments and other perturbations of the 
celFs biological state. Constituents of a cell include levels of RNA, levels of protein 
abundances, or protein activity levels. 

An expression profile in one cell is "similar" to an expression profile in another cell 
when the level of expression of the genes in the two profiles are sufficiently similar that the 
similarity is indicative of a common characteristic, e.g., being one and the same type of cell. 
Accordingly, the expression profiles of a first cell and a second cell are similar when at 
least 75% of the genes that are expressed in the first cell are expressed in the second cell at 
a level that is within a factor of two relative to the first cell. The "level of expression of a 
gene in a cell" or "gene expression level" refers to the level of mRNA, as well as pre- 
mRNA nascent transcript(s), transcript processing intermediates, mature mRNA(s) and 
degradation products, encoded by the gene in the cell. 

The term "(lympho)-hematopoietic stem cell" is intended to mean a pluripotent cell 
of the hematopoietic system capable of differentiating into cells of the lymphoid and 
myeloid lineages. It is also used interchangeably with "CD34VCD38'/Lin" substantially 
enriched hematopoietic stem cells" or "hematopoietic stem cell (HSC)". The term 
"substantially enriched" is used herein to refer to a solution containing at least two times, 
three times, four times, ten times, or one hundred times the concentration of HSCs than 
solutions that have not been selected for the CD34"*^/CD38'/Lin phenotype. 

The term "substantially depleted" is used herein to refer to a solution that contains a 
concentration of CD34VCD387Lin" HSCs that is at least two times, three times, four times, 
ten times, or one hundred times lower than a solution that has not been selected for cells 
expressing CD387Lin phenotype. 
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The term "hematopoieisis" refers to the formation and development of blood cells 
involving both proliferation and differentiation from stem cells. In adult mammals this 
usually occurs in the bone mairow. 

The term "histocompatible" means being tissue compatible. If a donor and recipient 
are histocompatible (like identical twins), a transplant will be easily accepted. 
Histocompatibility is measured by the identification of the major histocompatibility 
antigens of transplant donors and potential recipients, usually by serological and molecular 
tests. Donor and recipient pairs should ideally be of identical ABO blood group, and in 
addition should be matched as closely as possible for histocompatibility antigens in order to 
minimize the likelihood of allograft rejection. 

'Homology" or alternatively "identity" refers to sequence similarity between two 
peptides or between two nucleic acid molecules. Homology may be determined by 
comparing a position in each sequence which may be aligned for purposes of comparison. 
When a position in the compared sequence is occupied by the same base or amino acid, 
then the molecules are homologous at that position. A degree of homology between 
sequences is a function of the number of matching or homologous positions shared by the 
sequences. The term "percent identical" refers to sequence identity between two amino 
acid sequences or between two nucleotide sequences. Identity may each be determined by 
comparing a position in each sequence which may be aligned for purposes of comparison. 
When an equivalent position in the compared sequences is occupied by the same base or 
amino acid, then the molecules are identical at that position; when the equivalent site 
occupied by the same or a similar amino acid residue (e.g., similar in steric and/or 
electronic nature), then the molecules may be referred to as homologous (similar) at that 
position. Expression as a percentage of homology, similarity, or identity refers to a function 
of the number of identical or similar amino acids at positions shared by the compared 
sequences. Various alignment algorithms and/or programs may be used, including FASTA, 
BLAST, or ENTREZ. FASTA and BLAST are available as a part of the GCG sequence 
analysis package (University of Wisconsin, Madison, Wis.), and may be used with, e.g., 
default settings. ENTREZ is available through the National Center for Biotechnology 
Information, National Library of Medicine, National Institutes of Health, Bethesda, Md. In 
one embodiment, the percent identity of two sequences may be determined by the GCG 
program with a gap weight of 1, e.g., each amino acid gap is weighted as if it were a single 
amino acid or nucleotide mismatch between the two sequences. 
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Other techniques for aligmnent are described in Methods in Enzymology, vol. 266: 
Computer Methods for Macromolecular Sequence Analysis (1996), ed. Doolittle, Academic 
Press, Inc., a division of Harcourt Brace & Co., San Diego, California, USA. Preferably, an 
alignment program that permits gaps in the sequence is utilized to ahgn the sequences. The 
Smith-Waterman is one type of algorithm that permits gaps in sequence alignments. See 
Meth. Mol Biol 70: 173-187 (1997). Also, the GAP program using the Needleman and 
Wunsch alignment method may be utilized to align sequences. An alternative search 
strategy uses MPSRCH software, which runs on a MASPAR computer. MPSRCH uses a 
Smith- Waterman algorithm to score sequences on a massively parallel computer. This 
approach improves ability to pick up distantly related matches, and is especially tolerant of 
small gaps and nucleotide sequence errors. Nucleic acid-encoded amino acid sequences 
may be used to search both protein and DNA databases. Databases with individual 
sequences are described in Methods in Enzymology, ed. DooHttle, supra. Databases 
include Genbank, EMBL, and DNA Database of Japan (DDB J). 

"Hybridization" refers to any process by which a strand of nucleic acid binds with a 
complementary strand through nucleotide base pairing, preferably Watson-Crick base 
pairing. 

"Specific hybridization" or "selective hybridization" of a probe to a target site of a 
template nucleic acid refers to hybridization of the probe predominantly to the target, such 
that the hybridization signal may be clearly interpreted. As further described herein, such 
conditions resulting in specific hybridization vary depending on the length of the region of 
homology, the GC content of the region, the melting temperature 'Tm" of the hybrid. 
Hybridization conditions will thus vary in the salt content, acidity, and temperature of the 
hybridization solution and the washes. 

As used herein, the term "hybridize specifically" or "hybridize selectively" refers to 
the ability of a nucleic acid molecule to hybridize to at least approximately 6, 12, 20, 30, 
50, 100, 150, 200, 300, 350, 400 or 425 or more consecutive complementary nucleotides of 
a vertebrate gene. 

"Interact" is meant to include detectable interactions between molecules, such as 
may be detected using, for example, a hybridization assay. Interact also includes **bindmg" 
interactions between molecules. Interactions may be, for example, protein-protein, protein- 
nucleic acid, protein-small molecule or small molecule-nucleic acid in nature. 
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"Isolated" with respect to nucleic acids, such as DNA or RNA, refers to molecules 
separated from other DNAs, or RNAs, respectively, that are present in the natural source of 
the macromolecule. Isolated also refers to a nucleic acid or peptide that is substantially free 
of cellular material, viral material, or culture medium when produced by recombinant DNA 
techniques, or chemical precursors or other chemicals when chemically synthesized. 
Moreover, an "isolated nucleic acid" is meant to include nucleic acid fragments which are 
not naturally occurring as fragments and would not be foimd in the natural state. "Isolated" 
also refers to polypeptides which are isolated from other cellular proteins and is meant to 
encompass both purified and recombinant polypeptides. 

"Label" and "detectable label" refer to a molecule capable of detection inckiding, 
but not limited to radioactive isotopes, fluorophores, chemiluminescent moieties, enzymes, 
enzyme substrates, enzyme cofactors, enzyme inhibitors, dyes, metal ions, ligands (e.g., 
biotin or haptens) and the like. "Fluorophore" refers to a substance or a portion thereof 
which is capable of exhibiting fluorescence in the detectable range. Particular examples of 
labels which may be used under the invention include fluorescein, rhodamine, dansyl, 
umbeUiferone, Texas red, luminol, NADPH, alpha - beta -galactosidase and horseradish 
peroxidase. 

The term "leukemia" refers to an acute or chronic disease of unknown cause in man 
and other warm blooded animals that involves developing cells of the blood-immune 
system. Leukemia is characterized by an abnormal increase in the number of leucocytes in 
the tissues of the body with or without a corresponding increase of those in the circulating 
blood and is classified according of the type leucocyte most prominently involved. 
Leukemias were originally termed acute or chronic based on life expectancy but now are 
classified according to cellular maturity. Acute leukemias consist of predominantly 
immature cells (usually blast forms); chronic leukemias, more mature cells. Acute 
leukemias are divided into lymphoblastic (ALL) and myelogenous (AML) types, which 
may be fiuther subdivided by morphologic and cytochemical appearance according to the 
French-American-British (FAB) classification or iramunophenotype. The specific B-cell 
and T-cell and myeloid-antigen monoclonal antibodies, together with flow cytometry, are 
very helpfiil for classifying ALL versus AML, which is critical for treatment. Chronic 
leukemias are described as lymphocytic (CLL) or myelocytic (CML). 

As used herein , "blast cells" or "blasts" refers to an immature cell of a proliferative 
compartment in a cell lineage that normally represent up to 5% of the cells in the bone 
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marrow. An over-production of blasts in the marrow is characteristic of leukaemia when 
the blast cells often spill out into the blood stream. 

The term "Lin" as used herein refers to lineage markers expressed in differentiated 
cells such as CD3 (T lymphoid cells), CDS (T lymphoid cells), CDIO (lymphoid progenitor 
cells), CD 13 (mature and progenitor-precursor macrophage/monocytic and granulocytic 
cells), CD14 (monocyte/macrophages), CD16 (granulocytes, NK cells, 
monocyte/macrophages), CD 19 (mature and early B lymphoid cells), CD33 (mature and 
progenitor-precursor macrophage/monocytic and granuIoc3^ic cells), CD41a (mature and 
progenitor-precursor platelets, megakaryocytic cells), CD45RA (B lymphoid cells, some T 
lymphoid cells, some mono/granulocytic progenitor-precursor cells), CD66B (granulocytic 
cells), CD71 (erythroid progenitor-precursor cells, activated lymphoid cells), and CD235a 
(glycophorin A; mature and precursor erythroid cells). "Lin"" refers to cells that lack 
significant amounts of all of the above Lin markers. Conversely, "Lin"^^" refers to cells that 
express high levels of one or more of the above Lin markers, for example levels sufficient 
to produce a bright fluorescence signal when detected with a standard fluorescent 
immunoconjugate. 

The term "lymphoma" refers to a malignant tiunor of lymphoid cells, usually 
derived firom relatively mature B or T lymphocytes. Two major types are Hodgkin's 
disease and non-Hodgkin's lymphoma. An example of an uncommon type is mycosis 
fimgoides. 

As used herein, "common lymphoid progenitor cells" refers to cells that are capable 
of differentiating into lymphocytes (T-cells and B-cells), but not myeloid cell types. 

The term "mobilized peripheral blood stem-progenitor cell" or "mobilized PBSC" is 
used herein to refer the cells that are stimulated to leave bone marrow and enter the 
bloodstream after exposing the host to stimulatory agents, such as filgrastim. 

The term "non-mobilized blood cell" is used herein to refer to cells that have not 
been stimulated with stimulatory agents, such as filgrastim. 

"Nucleic acid" refers to polynucleotides such as deoxyribonucleic acid (DNA), and, 
where appropriate, ribonucleic acid (RNA). The term should also be understood to include, 
as equivalents, analogs of either RNA or DNA made firom nucleotide analogs, and, as 
applicable to the embodiment being described, single (sense or antisense) and double- 
stranded polynucleotides. ESTs, chromosomes, cDNAs, mRNAs, and rRNAs are 
representative examples of molecules that may be referred to as nucleic acids. 
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'TMucleic acid corresponding to a gene" refers to a nucleic acid that may be used for 
detecting the gene, e.g., a nucleic acid which is capable of hybridizing specifically to the 
gene. 

"Nucleic acid sample derived from RNA" refers to one or more nucleic acid 
molecule, e.g., RNA or DNA, that was synthesized from the RNA, and includes DNA 
resulting from methods using PGR, e.g., RT-PCR. 

A "patient", "subject" or "host" may mean any mammal, but preferably a human. 

"Percent identical" refers to sequence identity between two amino acid sequences or 
between two nucleotide sequences. Identity may in each case be determined by comparing 
a position in each sequence which may be aligned for purposes of comparison. When an 
equivalent position in the compared sequences is occupied by the same base or amino acid, 
then the molecules are identical at that position; when the equivalent site occupied by the 
same or a similar amino acid residue (e.g., similar in steric and/or electronic nature), then 
the molecules may be referred to as homologous (similar) at that position. Expression as a 
percentage of homology, similarity, or identity refers to a function of the number of 
identical or similar amino acids at positions shared by the compared sequences. Various 
alignment algorithms and/or programs may be used, including FASTA, BLAST, or 
ENTREZ. FASTA and BLAST are available as a part of the GCG sequence analysis 
package (University of Wisconsin, Madison, Wis.), and may be used with, e.g., default 
settings. ENTREZ is available through the National Center for Biotechnology Information, 
National Library of Medicine, National Institutes of Health, Bethesda, Md. In one 
embodiment, the percent identity of two sequences may be determined by the GCG 
program with a gap weight of 1, e.g., each amino acid gap is weighted as if it were a single 
amino acid or nucleotide mismatch between tlie two sequences. Other techniques for 
alignment are described in Methods in Enzymology, vol. 266: Computer Methods for 
Macromolecular Sequence Analysis (1996), ed. Doolittle, Academic Press, Inc., a division 
of Harcourt Brace & Co., San Diego, California, USA. Preferably, an alignment program 
that permits gaps in the sequence is utilized to align the sequences. The Smith- Waterman is 
one type of algorithm that permits gaps in sequence alignments. See Meth. MoL Biol 70: 
173-187 (1997). Also, the GAP program using the Needleman and Wunsch alignment 
method may be utilized to align sequences. An alternative search strategy uses MPSRCH 
software, which runs on a MASPAR computer. MPSRCH uses a Smith- Waterman 
algorithm to score sequences on a massively parallel computer. This approach improves 
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ability to pick up distantly related matches, and is especially tolerant of small gaps and 
nucleotide sequence errors. Nucleic acid-encoded amino acid sequences may be used to 
search both protein and DNA databases. Databases with individual sequences are described 
in Methods in Enzymology, ed. Doolittle, supra. Databases include Genbank, EMBL, and 
DNA Database of Japan (DDE J). 

"Perfectly matched" in reference to a nucleic acid duplex means that the poly- or 
ohgonucleotide strands making up the duplex form a double stranded structure with one 
other such that every nucleotide in each strand undergoes Watson-Crick basepairing with a 
nucleotide in the other strand. The term also comprehends the pairing of nucleoside 
analogs, such as deoxyinosine, nucleosides with 2-aniinopurine bases, and the like, that 
may be employed. A mismatch in a duplex between a target polynucleotide and an 
ohgonucleotide or olynucleotide means that a pair of nucleotides in the duplex fails to 
undergo Watson-Crick bonding. In reference to a triplex, the term means that the triplex 
consists of a perfectly matched duplex and a third strand in which every nucleotide 
undergoes Hoogsteen or reverse Hoogsteen association with a basepair of the perfectly 
matched duplex. 

The terms "polynucleotide", and "nucleic acid" are used interchangeably. They 
refer to a polymeric form of nucleotides of any length, either deoxyribonucleotides or 
ribonucleotides, or analogs thereof. Polynucleotides may have any three-dimensional 
structure, and may perform any function, known or unknown. The following are non- 
limiting examples of polynucleotides: coding or non-coding regions of a gene or gene 
fragment, loci (locus) defined from linkage analysis, exons, introns, messenger RNA 
(mRNA), transfer RNA, ribosomal RNA, ribozymes, cDNA, recombinant polynucleotides, 
branched polynucleotides, plasmids, vectors, isolated DNA of any sequence, isolated RNA 
of any sequence, nucleic acid probes, and primers. A polynucleotide may comprise 
modified nucleotides, such as methylated nucleotides and nucleotide analogs. If present, 
modifications to the nucleotide structure may be imparled before or after assembly of the 
polymer. The sequence of nucleotides may be interrupted by non-nucleotide components. 
A polynucleotide may be further modified after polymerization, such as by conjugation 
with a labeling component. The term "recombinant" polynucleotide means a 
polynucleotide of genomic, cDNA, semisynthetic, or synthetic origin which either does not 
occur in nature or is linked to another polynucleotide in a nonnatural arrangement. An 
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"oligonucleotide" refers to a single stranded polynucleotide having less than about 100 
nucleotides, less than about, e.g. 75, 50, 25, or 10 nucleotides. 

The term "probe" as used herein refers to the tethered nucleic acid or 
polynucleotide on a support matrix that has a known sequence. 

The term "progenitor cells" used herein refers to cells which are the immediate 
precursors of the differentiating cells. Most of the progenitor cells differentiate along a 
single hneage but they may have quite extensive proliferative capacity. Progenitor cells 
appear morphologically as blast cells, and they typically do not have specific features of the 
hematopoietic hneage to which they are committed. 

"Proliferating" and "prohferation" refer to cells imdergoing mitosis. 

"Protein", "polypeptide" and "peptide" are used interchangeably herein when 
referring to a gene product, e.g,, as may be encoded by a coding sequence. By "gene 
product" it is meant a molecule that is produced as a result of transcription of a gene. Gene 
products include RNA molecules transcribed jfrom a gene, as well as proteins translated 
from such transcripts. 

The term "stem cells" used herein refers to the cells from which progenitor cells are 
derived. Stem cells are defined by their ability to self-renew as well as to generate daughter 
cells of any of the hematopoietic lineages. Stem cells with long term hematopoietic 
reconstituting ability can be distinguished by a number of physical and biological properties 
from differentiated cells and progenitor cells (Hodgson et aL, (1979) Nature 281:381-382; 
Visser et aL, (1984) J. Exp, Med,, 59:1576-1590; Spangrude et al., (1988) Science, 241:58- 
62; Szilvassy et al., (1989) Blood 74:930-939; Ploemacher et aL, (1989) Exp. Hematol, 
17:263-266). 

"Support matrix" refers to an arrangement of addressable locations or "addresses" 
on a device. "Support matrix" may be used interchangeably with the term "microarray". 
An "address" on a support matrix or an array, e.g., a microarray, refers to a location at 
which an element, e.g., a polynucleotide of sufficient length or a oligonucletotide, is 
attached to the solid swface of the array. As used herein, a nucleic acid, polynucleotide or 
other molecule attached to an array, is referred to as a "probe" or "capture probe". When an 
array contains several probes corresponding to one gene, these probes are referred to as 
"gene-probe set." A gene-probe set may consist of, e.g., 2 to 10 probes, preferably from 2 
to 5 probes and most preferably about 5 probes. 
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The locations may be arranged in two dimensional arrays, three dimensional arrays, 
or other matrix formats. The number of locations may range from several to at least 
hundreds of thousands. Most importantly, each location represents a totally independent 
reaction site. A "nucleic acid array" refers to an array containing nucleic acid probes, such 
as oligonucleotides or polynucleotides of sufficient length. The nucleic acid on the array is 
preferably single stranded. Arrays wherein the probes are oligonucleotides are referred to 
as "oligonucelotide arrays" or "oKgonucleotide chips" or "gene chips". A "biochip", also 
referred to as a "chip", "microchip", or **biological chip", is an array of regions having a 
density of discrete regions of at least 100/cm^, and preferably at least about 1000/cm^. The 
addresses in a microarray have typical dimensions, e.g. diameters, in the range of between 
about 10-250 microns, and are separated from other addresses in the array by the same 
distance. 

As used herein "target" is the free nucleic acid/RNA sample whose 
identity/abundance is being detected. 

The term "transcriptome" is used herein to encompass a profile activated genes, 
mRNAs, or transcripts in a particular tissue at a particular time. The profile of activated 
genes, mRNA or transcripts may be a complete set of genes or a subset of the genes 
expressed in a particular cell. The transcriptome composition strongly varies depending on 
different environmental conditions. For example, physical stress factors like a rapid 
increase in environmental temperature also initiate fast and extensive re-organization of 
gene expression, again resuhing in a specific transcriptome. Consequently, transcriptome 
analyses (transcriptomics) allows a description of expression state of a cell under defined 
conditions. 

The term ^treating" or "treatment" as used herein encompasses all detectable 
beneficial effects on a disorder or disease. Beneficial effects that can be detected clinically 
by a physician's assessment or through the use of clinical laboratory tests are preferred. 
The beneficial efiFects can impact on one or more signs or symptoms of a disorder or 
disease, or on biological, metabolic, inflammatory or pathological processes arising from or 
producing the disease or disorders. Preferred beneficial effects include curing as well as 
ameliorating at least one sign or symptom of the condition or disease, by which is meant 
that manifestations of that sign or symptom are partially up to completely restored to the 
normal physiological state. 
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All publications and patents mentioned herein are hereby incorporated by reference 
in their entirety as if each individual publication or patent was specifically and individually 
indicated to be incorporated by reference. In case of conflict, the present application, 
including any definitions herein, will control. 

The practice of the present invention will employ, unless otherwise indicated, 
conventional techniques of virology, protein chemistry, cell biology, cell culture, molecular 
biology, microbiology, and recombinant DNA, which are within the skill of the art. Such 
techniques are explained fully in the literature. See, for example. Clinical Virology, 2""* Ed., 
by Richman, Whitley, Hayden (American Society for Microbiology Press: 2002), 
Molecular Cloning A Laboraioiy Manual, 2nd Ed., ed. by Sambrook, Fritsch and Maniatis 
(Cold Spring Harbor Laboratory Press: 1989); DNA Cloning, Volumes I and H (D. N. 
Glover ed., 1985); Oligonucleotide Synthesis (M. J. Gait ed., 1984); MuUis et al., U.S. 
Patent No: 4,683,195; Nucleic Acid Hybridization (B. D. Hames & S. J. Higgins eds. 1984); 
Transcription And Translation (B. D. Hames & S. J. Higgins eds. 1984); Culture Of Animal 
Cells (R. I. Freshney, Alan R. Liss, Inc., 1987); Immobilized Cells And Enzymes (IRL Press, 
1986); B.Perbal, A Practical Guide To Molecular Cloning (1984); the treatise, Methods In 
Enzymology (Academic Press, Inc., N.Y.); Gene Transfer Vectors For Mammalian Cells (J. 
H. Miller and M. P. Calos eds., 1987, Cold Spring Harbor Laboratory); and Methods In 
Enzymology, Vols. 154 and 155 (Wu et al., eds.). Cell sorting and cell analysis methods are 
known in the art and are described in, for example. The Handbook of Experimental 
Immunology, Volumes 1 to 4, (D. N. Weir, editor) and Flow Cytometjy and Cell Sorting 
(A. Radbruch, editor. Springer Verlag, 1992). 

3. Hematopoietic Stem Cell Isolation and Culture Methods Thereof 

Methods for isolating and manipulating bone manow cells, including hematopoietic 
stem or progenitor cells, firom a bone marrow graft donor are known in the art. For 
example, U.S. Patent Nos. 4,965,204, 5,035,994, 5,081,030, 5,130,144, 5,137,809, 
6,068,836 and 6,200,606, the contents of which patents are hereby incorporated by 
reference, describe methods for obtaining and manipulating bone marrow stem cells from a 
mammalian bone marrow donor. In general, methods of isolating stem cells and progenitor 
cells include isolation from other cells in hematopoietic tissue of the body and particularly 
bone marrow. Stem cells and progenitor cells from bone marrow constitute only a small 
percentage of the total number of hematopoietic cells. Stem cells appear to be in the range 
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of about 0.001 to about 0.01% of the bone marrow cells. Bone marrow cells may be 
obtained from ilium, sternum, tibiae, femora spine and other bone cavities. Other non- 
limiting sources of hematopoietic stem cells include embryonic yolk sac, fetal liver, fetal 
and adult spleen, blood including adult peripheral blood and umbiUcal cord blood (To et al., 
(1997) Blood 89:2233-2258). 

For the isolation of bone marrow, especially from mouse, an appropriate solution 
may be used to flush the bone, including but not limited to salt solution, supplemented with 
fetal calf serum or other naturally occurring factors in conjunction with an acceptable buffer 
at low concentration, generally about 5 to 25 mM. Buffers include but are not limited to 
HEPES, phosphate and lactate buffers. Bone marrow can also be aspirated from the bone, 
especially human bone, in accordance with conventional techniques. 

One of the most useful differentiation antigens for isolating human hematopoietic 
stem-progenitor cells is the cell surface antigen known as CD34. CD34 is expressed by 
about 1% to 5% of normal human adult marrow cells in a developmentally, stage-specific 
manner (Civin et al, (1984) J, Immtmol, 133:157-165). CD34"^ cells are a mixture of 
immature blastic cells and a small percentage of mature, lineage-conunitted cells of the 
myeloid, erythroid and lymphoid series. Perhaps 1% of CD34^ cells are pluripotent HSCs 
with the remaining number being progenitor cells committed to a particular lineage(s). 
Results in humans have demonstrated that CD34^ cells isolated from marrow or other 
hematopoietic sources such as mobilized peripheral blood can reconstitute the entire 
lympho-hematopoietic system for a lifetime. Therefore, CD34 is a marker for HSCs and 
hematopoietic progenitor cells. In a further embodiment, cells may be further enriched for 
hematopoietic stem cells by negative selection using CD38 marker and the following 
Uneage markers (collectively known as Lin markers): CD3 (expressed on T lymphoid 
cells), CDS (expressed on T lymphoid cells), CD 10 (expressed on lymphoid progenitor 
cells), CD 13 (expressed on mature and progenitor-precursor macrophage/monocytic and 
granulocytic cells), CD14 (expressed on monocyte/macrophages), CD16 (expressed on 
granulocytes, natural killer cells, monocyte/macrophages), CD 19 (expressed on mature and 
early B lymphoid cells), CD33 (expressed on mature and progenitor-precursor 
macrophage/monocytic and granulocytic cells) , CD41a (expressed on mature and 
progenitor-precursor platelets, megakaryocytic cells), CD45RA (expressed on B lymphoid 
cells, some T lymphoid cells, some mono/granulocytic progenitor-precursor cells), CD66B 
(expressed on granulocytic cells), CD71 (expressed on erythroid progenitor-precursor cells, 
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activated lymphoid cells), and glycophorin A (also known as CD235A, expressed on 
erythrocytes). 

The combination of expression markers used to isolate and define a substantially 
enriched HSC population may vary depending on other various factors and may vary as 
with the identification of other expression markers as described herein. 

Other procedures may be employed to separate hematopoietic stem cells from other 
cells and these procedures include physical separation, magnetic separation using antibody- 
coated magnetic beads, afiSnity chromatography, and cytotoxic agents joined to a 
monoclonal antibody or used in conjimction with a monoclonal antibody. Also included is 
the use of fluorescence activated cell sorters (FACS) wherein the cells can be separated on 
the basis of the level of staining of the particular antigens. These techniques are well 
known to those of ordinary skill in the art and are described in various references including 
U.S. Pat. Nos. 5,061,620; 5,409,8213; 5,677,136; and 5,750,397; and Yau et al., (1990) 
Exp. Hematol.y 18:219-222. 

During positive selection of stem cells, unbound cells may be eluted or washed 
away with physiologic buffer after allowing sufficient time for the stem cells to be bound. 
The unboimd marrow cells can be recovered and used for other piuposes or discarded after 
appropriate testing has been done to ensure that the desired separation had been achieved. 
The bound cells are then separated fi-om the solid phase by any appropriate method, 
depending mainly upon the nature of the solid phase and the antibody. For example, bound 
cells can be eluted fi-om a plastic petri dish by vigorous agitation. Alternatively, bound 
cells can be eluted by enzymatically "nicking" or digesting a enzyme-sensitive "spacer" 
sequence between the solid phase and the antibody. Spacers bound to agarose beads are 
commercially available firom, for example, Pharmacia. Another alternative is to 
competitively elute the bound cells from the column using a peptide which binds the 
antibody that is attached to the sohd phase of the column. 

The eluted, substantially enriched fraction of cells may then be washed with a buffer 
by centriftigation and either cryopreserved in a viable state for later use according to 
conventional technology or immediately infused intravenously into the transplant recipient 
following appropriate testing to ensure that the desired separation of a purified population 
of stem cells has been achieved. 

In another embodiment of the invention, neonatal hematopoietic stem and 
progenitor cells can be obtained from placental/umbilical cord blood ("cord blood"). The 
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use of cord blood as a source of cells to repopulate the hematopoietic system provides 
numerous advantages. Cord blood can be obtained easily and without trauma to the donor. 
Cord blood cells can be used for autologous transplantation, when and if needed, and the 
usual hematological and immunological problems associated with the use of allogeneic 
cells, matched only partially at the major histocompatibility complex or matched fiilly at the 
major, but only partially at the minor complexes, are alleviated. Collections should be 
made under sterile conditions. The neonatal blood can preferably be obtained by direct 
drainage from the cord and/or by needle aspiration from the deUvered placenta at the root 
and at distended veins (see U.S. Pat. Nos. 5,004,681 and 5,192,553). Alternatively, fetal 
blood can be obtained, e.g., by taking it from the fetal circulation at the placental root with 
the use of a needle guided by ultrasound (Daffos et al., (1985) Am. J, Obstet Gynecol, 
153:655-660; Daffos et al., (1983) Am. J. Obstet, Gynecol, 146:985), by placentocentesis 
(Valenti (1973) Am. J. Obstet. Gynecol., 115:851; Cao et al., (1982) J. Med. Genet., 19:81), 
by fetoscopy (Rodeck, C.H. (1984) in Prenatal Diagnosis, Rodeck, C. H. and Nicolaides, 
K. H., eds., Royal College of Obstetricians and Gynaecologists, London). 

Immediately upon collection, the cord (or fetal) blood may be mixed with an 
anticoagulent. Such an anti-coagulant can be any known in the art, including but not 
limited to CPD (citrate-phosphate-dextrose), ACD (acid itrate-dextrose), Alsever's solution 
(Alsever et al, (1941) N. Y. St. J. Med. 41:126), De Gowirfs Solution (De Gowin et al, 
(1940) J. Am. Med. Ass., 114:850), Edglugate-Mg (Smith et al., (1959) J. Thorac. 
Cardiovasc. Surg., 38:573), Rous-Tumer Solution (Rous and Turner. (1916) /. Exp. Med., 
23:219), other glucose mixtures, heparin, ethyl biscoimiacetate, etc. (See Hum, B. A. L. 
(1968) Storage of Blood, Academic Press, New York, pp. 26-160). 

The above methods of treating marrow or blood cell suspensions produce a 
suspension of human cells that contains pluripotent lympho-heraatopoietic stem cells that 
are substantially free of mature lymphoid and myeloid cells. The cell suspension also 
contains substantially only cells that express the My- 10 antigen (CD34) and can restore the 
production of lymphoid and hematopoietic cells to a human patient who has lost the ability 
to produce such cells because of, for example, radiation treatment. By delBnition, a cell 
population that can restore the production of hematopoietic and lymphoid cells contains 
pluripotent "lympho-hematopoietic stem cells". 

Hematopoietic stem cells may potentially be multiplied in culture, before or after 
cryopreservation, thus expanding the number of stem cells available for therapy. Once the 
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hematopoietic stem cells are harvested and optionally separated, the cells may be cultured 
in a suitable medium comprising a combination of growth factors that are sufficient to 
maintain growth. The term "culturing" refers to the propagation of cells on or in media of 
various kinds. It is understood that the descendants of a cell grown in culture may not be 
completely identical (either morphologically, genetically or phenotypically) to the parent 
cell Methods for culturing stem cells and hematopoietic cells are well known to those 
skilled in the art, and some of these methods are briefly mentioned herein. Any suitable 
culture container may be used, and these are readily available jfrom commercial vendors. 
The seeding level is not critical, and it will depend on the type of cells used. In general, the 
seeding level will be at least 10 cells per ml, more usually at least about 100 cells per ml 
and generally not more than 10^ cells per ml. 

Various culture media can be used and non-limiting examples include Iscove's 
modified Dulbecco's medium (IMDM), X-vivo 15 and RPMM640. These are 
conmiercially available from various vendors. The formulations may be supplemented with 
a variety of different nutrients, growth factors, such as cytokines and the like. In general, 
the term cytokine refers to any one of the numerous factors that exert a variety of effects on 
cells, such as inducing grov^h and proliferation. The cytokines may be human in origin or 
may be derived from other species when active on the cells of interest. Included within the 
scope of the definition are molecules having similar biological activity to wild type or 
purified cytokines, for example produced by recombinant means, and molecules which bind 
to a cytokine factor receptor and which elicit a similar cellular response as the native 
cytokine factor. 

The medium can be serum fi-ee or supplemented with suitable amounts of serum 
such as fetal calf serum, autologous semm or plasma. If cells or cellular products are to be 
used in humans, the medium will preferably be serum fi-ee or supplemented with autologous 
serum or plasma. (Lansdorp et al., (1992) 7. Exp, Med, 175:1501 and Petzer et al., (1996) 
Proc. Natl Acad. ScL, 93:1470). 

Non- limiting examples of compounds which may be used to supplement the culture 
medium are thrombopoietin (TPO), Flt3 ligand (FL), c-kit Ugand (KL, also known as stem 
cell factor (SCF) or Stl), Interleukin (IL) such as, BL-l, IL-2, IL-3, IL-6, (soluble JL-6 
receptor), IL-11, and IL-12, granulocyte-colony stimulating factor (G-CSF), granulocyte 
macrophage-colony stimulating factor (GM-CSF), leukemia inhibitory factor (LIF), MDP- * 
1 alpha, and erythropoietin (EPO). These compounds may be used alone or in any 
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combination, and preferred concentration ranges may be readily determined from the 
published art. When murine stem cells are cultured, a preferred non-limiting medium 
includes mIL-3, mIL-6 and mSCF. 

One skilled in the art is aware of the concentration range of these compoimds in 
cultures. While not meant to limit the invention, a general preferred range of TPO is from 
about 0.1 ng/mL to about 500 .mu.g/mL, more preferred is from about 1.0 ng/mL to about 
1000 ng/mL even more preferred is from about 5.0 ng/mL to about 300 ng/mL. A preferred 
concentration range for each of FL and KL is from about 0.1 ng/mL to about 1000 ng/mL, 
more preferred is from about 1.0 ng/mL to about 500 ng/mL. IL-6 is a preferred factor to 
be included in the culture, and a preferred concentration range is from about 0.1 ng/mL to 
about 500 ng/mL and more preferred in from about 1.0 ng/mL to about 100 ng/mL. Hyper 
IL-6, a covalent complex of IL-6 and IL-6 receptor may also be used in the culture. 

Other molecules can be added to the culture media, for instance, adhesion 
molecules, such as fibronection or RetroNectin™(commercially produced by Takara Shuzo 
Co., Otsu Shigi, Japan). The term "fibronectin" refers to a glycoprotein that is found 
throughout the body, and its concentration is particularly high in connective tissues where it 
forms a complex with collagen. 

4. Genes and Gene Products 

The novel group of genes and/or their encoded gene products exhibiting differential 
expression in CD34^/CD387Lin' HSC-substantially enriched population as compared to the 
complementary CD34'*"/[CD38/Lin]'*^ HSC-depleted population comprise genes involved in 
the following biological processes: signaling, transcription, DNA repair, DNA structure, 
cell cycle, cell deatii, cell structure, RNA processing, translational regulation, protein 
biosynthesis, toxic stress, ubiquitination, trafficking. Several genes comprise ESTs and 
hypothetical proteins. 

In one embodiment, the genes that are over-represented in the CD34^/CD38'/Lin' 
HSC-substantially enriched population as compared to the CD34**'/CD38*/Lin^ HSC- 
depleted population are as listed in Table 1, and probes for gene probe sets for these genes 
may be attached to a support matrix. Li other embodiments, the genes that are under- 
represented in the CD34*/CD38"/Lin' HSC-substantially enriched population as compared 
to the CD34VCD38'*'/Lin^ HSC-depleted population are as listed in Table 2, and probes for 
gene probe sets for these genes may be attached to a support matrix. Gene products (for 
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example mRNAs and proteins) of genes listed in Tables 1 and/or 2, or fragments of such 
gene products (e.g. oligoribonucleotides or peptides) may also be attached to a support 
matrix. The support matrices of the invention may also comprise of sets of genes that are 
contemplated for use in the therapeutic, diagnostic and screening methods as described 
herein. 

5. Compositions Comprising Probes Derived from Differentially Expressed Genes of the 
Invention 

The present invention provides compositions comprised of support matrices of 
polynucleotides (hereinafter referred to as "probes") derived from the sequences of the 
genes reported herein. These compositions are contemplated for use in diagnostic and/or 
therapeutic applications as discussed herein. Preferred compositions for use according to 
the invention include one or more polynucleotide sequences of genes whose expression is 
up-regulated/over-represented in the 0034*^/003 87Lin HSC-substantially enriched 
population as listed in Table 1 . In certain embodiments, the support matrices are comprised 
of polynucleotide sequences selected from the genes listed in Table 2, whose expression is 
down-regulated/under-represented in the CD34'*'/CD38'/Lin' HSC-substantially enriched 
population. The composition may comprise polynucleotides corresponding to at least 10, 
preferably at least 20, at least 50, or at least 100 genes that are differentially expressed in 
said in vivo engrafting hematopoietic stem cells. The composition may comprise 
polynucleotides corresponding to each gene listed in Table 1 or 2, or subsets of those genes 
in Tables 1 or 2 which are up-regulated or down-regulated in CD34VCD38'/Lin' HSC- 
substantially enriched populations. 

In one embodiment, the invention provides a composition comprising a plurality of 
detection agents for detecting expression of genes in Tables 1 and 2. In a preferred 
embodiment, the composition comprises at least 2, preferably at least 3, 5, 10, 20, 50, or 
100 different detection agents. A detection agent may be a nucleic acid probe, e.g., DNA or 
RNA, or it may be a polypeptide, e.g., as antibody that binds to the polypeptide encoded by 
a gene listed in Tables 1 or 2. The probes may be present in equal amount or in different 
amounts in the composition. 

A nucleic acid probe may be at least about 10 nucleotides long, preferably at least 
about 15, 20, 25, 30, 50, 100 nucleotides or more, and may comprise the fiiU length gene. 
Preferred probes are those that hybridize specifically to genes listed in Tables 1 or 2. If the 
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nucleic acid is short (i.e., 20 nucleotides or less), the sequence is preferably perfectly 
complementary to the target gene (i.e., a gene differentially expressed in a CD34^/CD38* 
/Lin hematopoietic stem cell), such that specilSc hybridization may be obtained. However, 
nucleic acids, even short ones, that are not perfectly complementary to the target gene may 
also be included in a composition of the invention, e.g., for use as a negative control. 
C^ain compositions may also comprise nucleic acids that are complementary to, and 
capable of detecting, an allele of a gene. 

La a preferred embodiment, the invention provides nucleic acids which hybridize 
under high stringency conditions of 0.2 to 1 x SSC at 65 °C followed by a wash at 0.2 x 
SSC at 65 °C to genes that are differentially expressed in hematopoietic stem cells. Li 
another embodiment, the invention provides nucleic acids which hybridize under low 
stringency conditions of 6 x SSC at room temperature followed by a wash under moderate 
stringency of 2 x SSC at room temperature. Other nucleic acid probes hybridize to their 
target under moderate stringency conditions of 3 x SSC at 40 or 50 °C, followed by a wash 
under higli stringency conditions of 1 x SSC or moderate stringency conditions of 2 x SSC 
at 20, 30, 40, 50, 60, or 65 °C. 

Nucleic acids which are at least about 80%, preferably at least about 90%, even 
more preferably at least about 95% and most preferably at least about 98% identical to 
genes tliat are differentially expressed in CD34'*"/CD387Lin'" cell HSC-substantially 
enriched populations or cDNAs thereof, and complements thereof, are also within the scope 
of the invention- 
Nucleic acid probes may be obtained by, e.g., polymerase chain reaction (PCR) 
ampUfication of gene segments from genomic DNA, cDNA (e.g., by RT-PCR), or cloned 
sequences. PCR primers are chosen, based on the known sequence of the genes or cDNA, 
that result in amplification of unique fragments. Computer programs may be used in the 
design of primers with the required specificity and optimal amplification properties. See, 
e.^., Oligo version 5.0 (National Biosciences). Factors which apply to the design and 
selection of primers for amplification are described, for example, by Rylchik, W. (1993) 
"Selection of Primers for Polymerase Chain Reaction," in Methods in Molecular Biology, 
Vol. 15, White B. ed., Humana Press, Totowa, N.J. Sequences may be obtained from 
GenBank or other public sources. 

Oligonucleotides of the invention may be synthesized by standard methods known 
in the art, e.g. by use of an automated DNA synthesizer (such as are commercially available 
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from Biosearch, Applied Biosystems, etc.). As examples, phosphorothioate 
oligonucleotides may be synthesized by the method of Stein et al., (1988) Niicl Acids Res. 
16: 3209), methylphosphonate oligonucleotides may be prepared by use of controlled pore 
glass polymer supports (Sarin et al., (1988) Proa Nat Acad, Set U,S,A. 85:7448-7451), etc. 
In another embodiment, the oligonucleotide is a 2 -0-methylribonucleotide (Inoue et al., 
(1987) NucL Acids Res, 15: 6131-6148), or a chimeric RNA-DNA analog (Inoue et al., 
{\m)FEBSLetL 215: 327-330). 

Probes having sequences of genes listed in Tables 1 and 2 may also be generated 
synthetically. Single-step assembly of a gene from large numbers of 
oligodeoxyribonucleotides may be done as described by Stemmer et al., (1995) Gene 
(Amsterdam) 164(I):49-53. In this method, assembly PGR (the synthesis of long DNA 
sequences from large numbers of oligodeoxyribonucleotides (oligos)) is described. The 
method is derived from DNA shuffling (Stemmer (1994) Nature 370:389-391), and does 
not rely on DNA ligase, but instead relies on DNA polymerase to build increasingly longer 
DNA fragments during the assembly process. For example, a 1.1 -kb fragment containing 
the TEM-1 beta-lactamase-encoding gene (bla) may be assembled in a single reaction from 
a total of 56 oligos, each 40 nucleotides (nt) in length. The synthetic gene may be PGR 
amplified and makes this approach a general method for the rapid and cost-effective 
synthesis of any gene. 

"Rapid amplification of cDNA ends," or RAGE, is a PGR method that may be used 
for amplifying cDNAs from a number of different RNAs. The cDNAs may be ligated to an 
oligonucleotide linker and amplified by PGR using two primers. One primer may be based 
on sequence from the instant nucleic acids, for which frill length sequence is desired, and a 
second primer may comprise a sequence that hybridizes to the oligonucleotide linker to 
amplify the cDNA. A description of this method is reported in PCT Pub. No. WO 
97/19110. 

In another embodiment, the invention provides a composition comprising a plurality 
of agents which may delect a polypeptide encoded by a gene differentially expressed in 
CD34VCD38"/Lin" hematopoietic stem cells. An agent may be, e.g., an antibody. 
Antibodies to polypeptides described herein may be obtained commercially, or they may be 
produced according to methods known in the art. 

The probes may be attached to a solid support, such as paper, membranes, filters, 
chips, pins or glass slides, or any other appropriate substrate, such as those fiirther 
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described herein. For example, probes of genes that are differentially expressed in 
CD34^/CD38'/Lin cell HSC-substantially enriched populations may be attached covalently 
or non covalently to membranes for use, e.g., in dotblots, or to solids such as to create 
arrays, e.g., microarrays. 

In one embodiment of the present invention, the composition is a microarray. There 
may be one or more than one probe corresponding to each gene on a microarray. For 
example, a microarray may contain from 2 to 20 probes corresponding to one gene and 
preferably about 5 to 10. The probes may correspond to the full length RNA sequence or 
complement thereof of genes that are differentially expressed in the CD34VCD38"/Lin" 
HSC- substantially enriched population or they may correspond to a portion thereof, which 
portion is of sufficient length for permitting specific hybridization. Such probes may 
comprise from about 50 nucleotides to about 100, 200, 500, or 1000 nucleotides or more 
than 1000 nucleotides. As further described herein, microarrays may also contain 
oligonucleotide probes, consisting of about 10 to 50 nucleotides, preferably about 15 to 30 
nucleotides and even more preferably 20-25 nucleotides. The probes are preferably single 
stranded. The probe will have sufficient complementarity to its target to provide for the 
desired level of sequence specific hybridization. 

Suitable arrays for use in the present invention will have a site density of greater 
than 100 different probes per cm^, although any suitable site density is included in the 
present invention Preferably, the arrays will have a site density of greater than 500/cm^, 
more preferably greater than about 1000/cm^, and most preferably, greater than about 
10,000/cm^. Preferably, the arrays will have more than 100 different probes on a single 
substrate, more preferably greater than about 1000 different probes still more preferably, 
greater than about 10,000 different probes and most preferably, greater than 100,000 
different probes on a single substrate. 

Microarrays maybe prepared by methods known in the art, as described below, or 
they may be custom made by companies, e.g., Aflymetrix (Santa Clara, CA). 

Generally, two types of microarrays maybe used. These two types are referred to as 
"synthesis" and "delivery." In the synthesis type, a microarray is prepared in a step-wise 
fashion by the m situ synthesis of nucleic acids from nucleotides. With each round of 
synthesis, nucleotides are added to growing chains until the desired length is achieved. In 
the delivery type of microarray, pre-prepared nucleic acids are deposited onto known 
locations using a variety of delivery technologies. Numerous articles describe the diflFerent 
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microarray technologies, e.g., Shena et aL, (1998) Tibtech 16: 301; Duggan et al., (1999) 
Nat. Genet, 21:10; Bowtell et al, (1999) Mz^. Genet., 21: 25. 

One novel synthesis technology is that developed by Affymetrix (Santa Clara, CA), 
which combines photolithography technology with DNA synthetic chemistry to enable high 
density oligonucleotide microarray manufacture. Such chips contain up to 400,000 groups 
of oligonucleotides in an area of about 1.6 cm^. Oligonucleotides are anchored at the 3' end 
thereby maximizing the availability of single-stranded nucleic acid for hybridization. 
Generally such chips, referred to as "GeneChips®" contain several oligonucleotides of a 
particular gene, e.g., between 2-20, such as 5 oligonucleotides. Since Affymetrix (Santa 
Clara, CA) sells custom made microarrays, microarrays containing differentially expressed 
genes in in vivo engrafting lympho-hematopoietic stem cells may be ordered for purchase 
jfrom Affymetrix (Santa Clara, CA). 

Microarrays may also be prepared by mechanical microspotting, e.g., those 
commerciahzed at Synteni (Fremont, CA). According to these methods, small quantities of 
nucleic acids are printed onto solid surfaces. Microspotted arrays prepared at Synteni 
contain as many as 10,000 groups of cDNA in an area of about 3.6 cm^. 

A third group of microarray technologies consist in the "drop-on-demand" delivery 
approaches, the most advanced of which are the ink-jetting technologies, which utilize 
piezoelectric and other forms of propulsion to transfer nucleic acids from miniature nozzles 
to soUd surfaces. Inkjet tecluiologies is developed at several centers including Incyte 
Pharmaceuticals (Palo Alto, CA) and Protogene (Palo Alto, CA). This technology results in 
a density of 10,000 spots per cm^. See also, Hughes et al., (2001) Nat. Biotech., 19:342, 

Arrays preferably include control and reference nucleic acids. Control nucleic acids 
are nucleic acids which serve to indicate that the hybridization was effective. For example, 
all Affymetrix (Santa Clara, CA) expression arrays contain sets of probes for several 
prokaryotic genes, e.g., bioB, bioC and bioD from biotin synthesis of E. coli and ere from 
PI bacteriophage. Hybridization to these arrays is conducted in the presence of a mixture 
of these genes or portions thereof, such as the mix provided by Affymetrix (Santa Clara, 
CA) to that effect (Part Number 900299), to thereby confirm that the hybridization was 
effective. Control nucleic acids included with the target nucleic acids may also be mRNA 
synthesized from cDNA clones by in vitro transcription. Other control genes that may be 
included in arrays are polyA controls, such as dap, lys, phe, thr, and trp (which are included 
on Affymetrix GeneChips®). 
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Reference nucleic acids allow the normalization of results from one experiment to 
another, and to compare multiple experiments on a quantitative level. Exemplary reference 
nucleic acids include housekeeping genes of known expression levels, e.g., GAPDH, 
hexokinase and actin. 

Mismatch controls may also be provided for the probes to the target genes, for 
expression level controls or for normalization controls. Mismatch controls are 
oligonucleotide probes or other nucleic acid probes identical to their corresponding test or 
control probes except for the presence of one or more mismatched bases. 

Arrays may also contain probes that hybridize to more than one allele of a gene. 
For example the array may contain one probe that recognizes allele 1 and another probe that 
recognizes allele 2 of a particular gene. 

Microarrays may be prepared as follows. In one embodiment, an array of 
oUgonucleotides is synthesized on a solid support. Exemplary solid supports include glass, 
plastics, polymers, metals, metalloids, ceramics, organics, etc. Using chip masking 
technologies and photoprotective chemistry it is possible to generate ordered arrays of 
nucleic acid probes. These arrays, which are known, e.g., as "DNA chips," or as very large 
scale immobilized polymer arrays ("VLSIPS™" arrays) may include millions of defined 
probe regions on a substrate having an area of about 1 cm^ to several cm^, thereby 
incorporating sets of from a few to millions of probes (see U.S. Patent No. 5,631,734). 

The construction of solid phase nucleic acid arrays to detect target nucleic acids is 
well described in the literature. See Fodor et al., (1991) Science 251: Sheldon et 

al., (1993) Clinical ChemisUy 39(4): 718-719; Kozal et al., (1996) Nature Medicine 2(7): 
753-759 and Hubbell U.S. Pat. No. 5,571,639; Pinkel et al., PCT/TJS95/16155 (WO 
96/17958); U.S. Pat. Nos. 5,677,195; 5,624,711; 5,599,695; 5,451,683; 5,424,186; 
5,412,087; 5,384,261; 5,252,743 and 5,143,854; PCT Patent PubUcation Nos. 92/10092 and 
93/09668; and PCT WO 97/10365. In brief, a combinatorial strategy allows for the 
synthesis of arrays containing a large number of probes using a minimal number of 
synthetic steps. For instance, it is possible to synthesize and attach all possible DNA 8 mer 
oligonucleotides (48, or 65,536 possible combinations) using only 32 chemical synthetic 
steps. In general, VLSIPS™ procedures provide a method of producing 4n different 
oligonucleotide probes on an array using only 4n'synthetic steps {see, e.g.^ U.S. Pat. No. 
5,631,734 5; 143,854 and PCT Patent Publication Nos. WO 90/15070; WO 95/11995 and 
WO 92/10092). 
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Light-directed combinatorial synthesis of oligonucleotide arrays on a glass surface 
maybe perfonned with automated phosphoramidite chemistry and chip masking techniques 
similar to photoresis technologies in the computer chip industry. Typically, a glass surface 
is derivatized with a silane reagent containing a fimctional group, e.g., a hydroxyl or amine 
group blocked by a photolabile protecting group. Photolysis through a photolithogaphic 
mask is used selectively to expose functional groups which are then ready to react with 
incoming 5'-photoprotected nucleoside phosphoramidites. The phosphoranoddites react only 
with those sites which are illuminated (and thus exposed by removal of the photolabile 
blocking group). Thus, the phosphoramidites only add to those areas selectively exposed 
from the preceding step. These steps are repeated until the desired array of sequences have 
been synthesized on the solid surface. 

Algorithms for design of masks to reduce the number of synthesis cycles are 
described by Hubbel et al, U.S. Pat No. 5,571,639 and U.S. Pat. No. 5,593,839. A 
computer system may be used to select nucleic acid probes on the substrate and design the 
layout of tlie array as described in U.S. Pat. No. 5,571,639. 

Another method for synthesizing high density arrays is described in U.S. Patent No. 
6,083,697. This method utilizes a novel chemical amplification process using a catalyst 
system which is initiated by radiation to assist in the synthesis of the polymer sequences. 
Methods of the present invention include the use of photosensitive compounds which act as 
catalysts to chemically alter the synthesis intermediates in a manner to promote formation 
of polymer sequences. Such photosensitive compounds include what are generally referred 
to as radiation-activated catalysts (RACs), and more specifically photo activated catalysts 
(PACs). The RACs may by themselves chemically alter the synthesis intermediate or they 
may activate an autocatalytic compound which chemically alters the synthesis intermediate 
in a maimer to allow the synthesis intermediate to chemically combine with a later added 
synthesis intermediate or other compound. 

Arrays may also be synthesized in a combinatorial fashion by delivering monomers 
.to cells of a support by mechanically constrained flowpaths. See Winkler et al, EF 
624,059. Arrays may also be synthesized by spotting monomers reagents on to a support 
using an Inkjet printer. See id. and Pease et al., EP 728,520. 

cDNA probes may be prepared according to methods known in the art and further 
described herein, e.g., reverse-transcription PGR (RT-PCR) of RNA using sequence 
specijSc primers. Oligonucleotide probes may be synthesized chemically. Sequences of the 
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genes or cDNA &om which probes are made may be obtained, e.g., from GenBank, other 
public databases or pubhcations. 

Nucleic acid probes may be natural nucleic acids, chemically modified nucleic 
acids, e.g., composed of nucleotide analogs, as long as they have activated hydroxyl groups 
compatible with the linking chemistry. The protective groups can, themselves, be 
photolabile. Alternatively, the protective groups may be labile under certain chemical 
conditions, e.g., acid. In this example, the surface of the solid support may contain a 
composition that generates acids upon exposure to light. Thus, exposure of a region of the 
substrate to light generates acids in that region that remove the protective groups in the 
exposed region. Also, the synthesis method may use 3'- protected 5'-0-phosphoramidite- 
activated deoxynucleoside. In this case, the oligonucleotide is synthesized in the 5' to 3' 
direction, which results in a free 5* end. 

hi one embodiment, oligonucleotides of an array are synthesized using a 96 well 
automated multiplex oligonucleotide synthesizer (A.M.O.S.) that is capable of making 
thousands of oUgonucleotides (Lashkari et al., (1995) Proa Natl Acad. ScL, 93: 7912). 

It will be appreciated that oligonucleotide design is influenced by the intended 
application. For example, it may be desirable to have similar melting temperatures for all 
of the probes. Accordingly, the length of the probes are adjusted so that the melting 
temperatures for all of the probes on the array are closely similar (it will be appreciated that 
different lengths for different probes may be needed to achieve a particular T[m] where 
different probes have different GC contents). Although melting temperature is a primary 
consideration in probe design, other factors are optionally used to further adjust probe 
construction, such as selecting against primer self-complementarity and the hke. 

Arrays, e.g., microarrrays, may conveniently be stored following fabrication or 
purchase for use at a later time. Under appropriate conditions, the subject arrays are 
capable of being stored for at least about 6 months and may be stored for up to one year or 
longer. Arrays are generally stored at temperatures between about -20'' C. to room 
temperature, where the arrays are preferably sealed in a plastic container, e.g. bag, and 
shielded from Ught. 
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6. Methods of Using Compositions Comprising Probes Derived from Differentially 

Expressed Genes of the Invention 
6.1. Microarrays 

Generally, detemiining expression profiles with microarrays involves the following 
steps: (a) obtaining a mRNA sample from a sample of cells and preparing labeled nucleic 
acids therefrom (the "target nucleic acids" or "targets"); (b) contact of the target nucleic 
acids with the array under conditions sufficient for target nucleic acids to bind with 
corresponding probe on the array, e.g. by hybridization or specific binding; (c) optional 
renioval of unbound targets from the array; and (d) detection of bound targets, and analysis 
of the results, e.g., using computer based analysis methods. As used herein, "nucleic acid 
probes" or "probes" are nucleic acids attached to the array, whereas "target nucleic acids" 
are nucleic acids that are hybridized to the array. Each of these steps is described in more 
detail below. 

(i) Obtaining a mRNA sample 

Nucleic acid specimens may be obtained from an individual to be tested using either 
"invasive" or "non-invasive" sampling means. A sampling means is said to be "invasive" if 
it involves the collection of nucleic acids from within the skin or organs of an animal 
(including, especially, a murine, a human, an ovine, an equine, a bovine, a porcine, a 
canine, or a fehne animal). Examples of invasive methods include blood collection, semen 
collection, needle biopsy, pleural aspiration, umbilical cord biopsy, etc. Examples of such 
methods are discussed by Kim et al, (1992) 1 Virol 66:3879-3882; Biswas et al., (1990) 
Annals NY Acad, Sci. 590:582-583; Biswas et al., (1991) J. Clin, Microbiol 29:2228-2233. 

In one embodiment, one or more cells from a subject or an enriched population of 
HSC cells to be tested are obtained, and RNA is isolated from the cells. When obtaining 
the cells, it is preferable to obtain a sample as enriched as practicable in cells of the desired 
type, e.g., a sample of cells enriched by 2-fold, 5-fold, 10-fold, 50-fold, 100-fold, 500-fold, 
1000-fold or more in cells of the desired type. Higher levels of enrichment are preferable, 
since such a sample is more likely to provide clear gene expression data, i.e., gene 
expression data reflecting the profile of the desired cell type. For example, it is possible to 
obtain a cell sample from a subject, and then to enrich it in the desired in vivo engrafting 
hematopoietic stem cell type using positive and/or negative selection as described 
previously. 
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In one embodiment, RNA is obtained from a single cell It is also possible to obtain 
cells from a subject, substantially enriched for the desired cell type, i.e. in vivo engrafting 
hematopoietic stem cells and culture the cells in vitro, such as to obtain a larger population 
of cells from which KNA maybe extracted. Methods for establishing cultures of non- 
transformed cells, i.e., primary cell cultures, are known in the art and are described herein. 

When isolating RNA from tissue samples or cells from individuals, it may be 
important to prevent any ftirther changes in gene expression after the tissue or cells has 
been removed from the subject. Expression levels are known to change rapidly following 
perturbations, e.g., heat shock or activation with lipopolysaccharide (LPS) or other 
reagents. Li addition, the RNA in the tissue and cells may quickly become degraded. 
Accordingly, in a preferred embodiment, the cells obtained from a subject are snap frozen 
as soon as possible. 

RNA may be extracted from the tissue sample by a variety of methods, e.g., the 
guanidium thiocyanate lysis followed by CsCl centrifiigation (Chirgwin et al., (1979) 

Biochemistnf, 18:5294-5299). RNA from single cells may be obtained as described in 
methods for preparing cDNA Hbraries from single cells, such as those described in Dulac 
(1998) Curr. Top. Dev. Biol 36, 245 and Jena et al, (1996) J, Immwwl. Methods, 190:199. 
Care to avoid RNA degradation must be taken, e.g., by inclusion of a ribonuclease inhibitor 
such as RNAsin. 

The RNA sample may then be enriched in particular species. In one embodiment, 
poly(A)+ RNA is isolated from the RMA sample. In general, such purification takes 
advantage of the poly-A tails on mRNA. In particular and as noted above, poly-T 
oligonucleotides may be immobilized within on a solid support to serve as affinity ligands 
for mRNA. Kits for this purpose are commercially available, e.g., the MessageMaker kit 
(Life Technologies, Grand Island, NY). 

In a preferred embodiment, the RNA population is enriched in sequences of interest, 
such as those of the genes differentially expressed in hematopoietic stem cells. Enrichment 
may be undertaken, e.g., by primer-specific cDNA synthesis, or multiple rounds of linear 
amplification based on cDNA synthesis and template-directed in vitro transcription {see, 
Wang et al., (1989) Proc, Natl Acad, Sci., 86, 9717; Dulac et al., supra, and Jena et 
al,, supra). 

The population of RNA, enriched or not in particular species or sequences, may 
fiirther be amplified. Such amplification is particularly important when using RNA from a 
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single or a few cells. A variety of amplification methods are suitable for use in the methods 
of the invention, including, e.g., PGR; Hgase chain reaction (LCR) {see, e.g., Wu and 
Wallace (1989) Genomics 4, 560, Landegren et al., (1988) Science 241, 1077); self- 
sustained sequence rephcation (SSR) {see, e.g., Guatelli et al, (1990) Proc, Nat Acad. Set 
USA, 87:1874); nucleic acid based sequence amplification (NASBA) and transcription 
amplification {see, e.g., Kwoh et al., (1989) Proc. Nail. Acad. Set USA 86, 1 173). For PGR 
technology, see, e.g., PGR Technology: Principles and Applications for DNA Amplification 
(ed. H. A. Erlich, Freeman Press, N.Y., N.Y., 1992); PGR Protocols: A Guide to Methods 
and applications (eds. Innis et al., (1990) Academic Press, San Diego, Galif.); Mattila et al. 
(1991) Nucleic Acids Res. 19:4967 ; Eckert et al., , (1991) PGR Methods and Applications 
1:17; PGR (eds. McPherson et al, , IRL Press, Oxford); and U.S. Pat. No. 4,683,202. 
Methods of amplification are described, e.g., in Ohyama et al, (2000) BioTechniques 
29:530; Luo et al, (1999) Nat. Med. 5, 117; Hegde et al., (2000) BioTechniques 29:548; 
Kacharmina et al., (1999) Meth. Enzymol 303:3; Livesey et al., (2000) Curr. BioL 10:301; 
Spirin et al, (1999) Invest OphtalmoL Vis. Sci. 40:3108; and Sakai et al., (2000) Anal 
Biochem. 287:32. RNA amplification and cDNA synthesis may also be conducted in cells 
in situ {see, e.g, Eberwine et al, (1992) Proc. Nat Acad. ScL, 89:3010). 

One of skill in the art will appreciate that whatever amplification method is used, if 
a quantitative result is desired, care must be taken to use a method that maintains or 
controls for the relative fiequencies of the amplified nucleic acids to achieve quantitative 
ampUfication. Methods of "quantitative" amplification are well known to those of skill in 
the art. For example, quantitative PGR involves simultaneously co-amplifying a known 
quantity of a control sequence using the same primers. This provides an intemal standard 
that may be used to calibrate the PGR reaction. A high density array may then include 
probes specific to the intemal standard for quantification of the amplified nucleic acid. 

One preferred intemal standard is a synthetic AW106 cRNA. The AW106 cRNA is 
combined with RNA isolated from the sample according to standard techniques known to 
those of skilled in the art. The RNA is then reverse transcribed using a reverse transcriptase 
to provide copy DNA. The cDNA sequences are then amplified (e.g., by PGR) using 
labeled primers. The amplification products are separated, typically by electrophoresis, and 
the amount of radioactivity (proportional to the amount of amplified product) is determined. 
The amount of mRNA in the sample is then calculated by comparison with the signal 
produced by the known AW 106 RNA standard. Detailed protocols for quantitative PGR 
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are provided in PGR Protocols, A Guide to Methods and Applications, Innis et al., , 
Academic Press, Inc. N.Y., (1990). 

In a preferred embodiment, a sample mRNA is reverse transcribed with a reverse 
transcriptase and a primer consisting of oligo(dT) and a sequence encoding the phage T7 
promoter to provide single stranded DNA template. The second DNA strand is 
polymerized using a DNA polymerase. After synthesis of double-stranded cDNA, T7 RNA 
polymerase is added and RNA is transcribed from the cDNA template. Successive rounds 
of transcription from each single cDNA template results in amplified RNA. Methods of in 
vitro polymerization are well known to those of skill in the art (see, e.g., Sambrook, (supra) 
and this particular method is described in detail by Van Gelder et aL, (1990) Proc, Natl 
Acad, Set USA. 87: 1663-1667 who demonstrate that in vitro amplification according to 
this method preserves the relative frequencies of the various RNA transcripts. Moreover, 
Eberwine et al, (1992) Proc. Natl Acad. Sci. USA. 89: 3010-3014 provide a protocol that 
uses two rounds of amplification via in vitro transcription to achieve greater than 10^ fold 
amplification of the original starting material, thereby pennitting expression monitoring 
even where biological samples are limited. 

It will be appreciated by one of skill in the art that the direct transcription method 
described above provides an antisense (aRNA) pool. Where antisense RNA is used as the 
target nucleic acid, the oligonucleotide probes provided in the array are chosen to be 
complementary to subsequences of the antisense nucleic acids. Conversely, where the 
target nucleic acid pool is a pool of sense nucleic acids, the oligonucleotide probes are 
selected to be complementary to subsequences of the sense nucleic acids. Finally, where 
the nucleic acid pool is double stranded, the probes may be of either sense as the target 
nucleic acids include both sense and antisense strands. 

(ii) Labeling of the nucleic acids to be analyzed 

Generally, the target molecules will be labeled to permit detection of hybridization 
of target molecules to a microarray. By labeled is meant that the probe comprises a 
member of a signal producing system and is thus detectable, either directly or through 
combined action with one or more additional members of a signal producing system. 
Examples of directly detectable labels include isotopic and fluorescent moieties 
incorporated into, usually covalently bonded to, a moiety of the probe, such as a nucleotide 
monomeric imit, e.g. dNMP of the primer, or a photoactive or chemically active derivative 
of a detectable label which may be bound to a functional moiety of the probe molecule. 
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Nucleic acids may be labeled after or during enrichment and/or amplification of 
RNAs. For example, labeled cDNA is prepared from mRNA by oligo dT-primed or 
random-primed reverse transcription, both of which are well known in the art {see, e,g,, 
Klug and Berger. (1987) Methods EnzymoL 152:316-325). Reverse transcription may be 
carried out in the presence of a dNTP conjugated to a detectable label, most preferably a 
fluorescently labeled dNTP. Alternatively, isolated mRNA may be converted to labeled 
antisense RNA synthesized by in vitro transcription of double-stranded cDNA in the 
presence of labeled dNTPs (Lockhart et al., (1996) Nature Biotech. 14:1675 which is 
incorporated by reference in its entirety for all purposes). In alternative embodiments, the 
cDNA or RNA probe may be synthesized in the absence of detectable label and may be 
labeled subsequently, e.g., by incorporating biotinylated dNTPs or rNTP, or some similar 
means (e.g., photo-cross-linking a psoralen derivative of biotin to RNAs), followed by 
addition of labeled streptavidin (e.g., phycoerythrin-conjugated streptavidin) or the 
equivalent. 

In one embodiment, labeled cDNA is synthesized by incubating a mixture 
containing 0.5 mM dGTP, dATP and dCTP plus 0.1 mM dTTP plus fluorescent 
deoxyribonucleotides (e.g., 0.1 mM Rhodamine 110 UTP (Perkin Elmer Cetus) or 0.1 mM 
Cy3 dUTP (Amersham)) with reverse transcriptase (e.g., SuperScript.™.n, LTI Inc.) at 42 
'^C for 60 min. 

Fluorescent moieties or labels of interest include coumarin and its derivatives, e.g. 
7-amino-4-methyIcoumarin, aminocoumarin, bodipy dyes, such as Bodipy FL, cascade 
blue, fluorescein and its derivatives, e.g. fluorescein isotliiocyanate, Oregon green, 
rhodamine dyes, e.g. Texas red, tetramethylrhodamine, eosins and erythrosins, cyanine 
dyes, e.g. Cy2, Cy3, Cy3.5, Cy5, Cy5.5, Cy7, FluorX, macrocyclic chelates of lanthanide 
ions, e.g. quantum dye™, fluorescent energy transfer dyes, such as thiazole orange- 
ethidium heterodimer, TOTAB, dansyl, etc. Individual fluorescent compounds which have 
fimctionalities for linking to an element desirably detected in an apparatus or assay of the 
invention, or which may be modified to incorporate such functionaUties include, e.g., 
dansyl chloride; fluoresceins such as 3,6-dihydroxy-9-phenylxanthydrol; 
rhodamineisothiocyanate; N-phenyl l-amino-8-sulfonatonaphthalene; N-phenyl 2-amino-6- 
sulfonatonaphthalene; 4-acetamido-4-isothiocyanato-stilbene-2,2 -disulfonic acid; pyrene-3- 
sulfonic acid; 2-toluidinonaphthalene-6-sulfonate; N-phenyl-N-methyl-2-aminoaphthalene- 
6-sulfonate; ethidium bromide; stebrine; auromine-0,2-(9-anfhroyl)palmitate; dansyl 
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phosphatidylethanolamine; N,N'-dioctadecyl oxacarbocyanine: N,N-dihexyl 
oxacarbocyanine; merocyanine, 4-(3 -pyrenyl)stearate; d-3-aminodesoxy-equilenin; 12-(9- 
anthroyl)stearate; 2-methylanthracene; 9-vinylanthracene; 2,2'(vmylene-p- 
phenylene)bisbenzoxazole; p-bis(2- -methyl- 5-phenyl-oxazolyl))benzene; 6- 
dimethylaraino-l ,2-benzophenazin; retinol; bis(3 -aminopyridinium) 1 , 1 0-decandiyl 
diiodide; sulfonaphthylhydrazone of hellibrienin; chlorotetracycline; N-(7-diniethylamino- 
4-methyl-2-oxo-3-chromenyl)maleimide; N-(p-(2benziiiiidazolyl)-phenyl)maleimide; N-(4- 
fluoranthyOmaleimide; bis(homovanillic acid); resazarin; 4-chloro-7-nitro-2,l,3- 
beiizooxadiazole; merocyanine 540; resorufin; rose bengal; and 2,4-diphenyl-3(2H)- 
fiiranone. (see, e.g.^ Kricka, 1992, Nonisotopic DNA Probe Techniques, Academic Press 
San Diego, Calif). Many fluorescent tags are commercially available from SIGMA 
chemical company (Saint Louis, Mo.), Amersham, Molecular Probes, R&D systems 
(Minneapolis, Minn.), Pharmacia LKB Biotechnology (Piscataway, N.J.), CLONTECH 
Laboratories, Inc. (Palo Alto, Calif), Chem Genes Corp., Aldrich Chemical Company 
(Milwaukee, Wis.), Glen Research, Inc., GIBCO BRL Life Technologies, Inc. 
(Gaithersberg, Md.), Fluka Chemica-Biochemika Analytika (Fluka Chemie AG, Buchs, 
Switzerland), and Applied Biosystems (Foster City, Calif) as well as other commercial 
sources known to one of skill. 

Chemiluminescent labels include luciferin and 2,3-dihydrophthalazinediones, e.g., 
luminoL 

Isotopic moieties or labels of interest include ^^P, ^^P, ^^S, ^^^I, ^H, ^"^C, and the like 
{see Zhao et al., (1995) Gene 156:207; Pietu et al, (1996) Genome Res, 6:492). However, 
because of scattering of radioactive particles, and the consequent requirement for widely 
spaced binding sites, use of radioisotopes is a less-preferred embodiment. 

Labels may also be members of a signal producing system that act in concert with 
one or more additional members of the same system to provide a detectable signal. 
Illustrative of such labels are members of a specific binding pair, such as ligands, e.g. 
biotin, fluorescein, digoxigenin, antigen, polyvalent cations, chelator groups and the like, 
where the members specifically bind to additional members of the signal producing system, 
where the additional members provide a detectable signal either directly or indirectly, e.g. 
antibody conjugated to a fluorescent moiety or an enzymatic moiety capable of converting a 
substrate to a chromogenic product, e.g. alkaline phosphatase conjugate antibody and the 
like. 
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Additional labels of interest include those that provide for signal only when the 
probe with which they are associated is specifically bound to a target molecule, where such 
labels include: "molecular beacons" as described in Tyagi & Kramer. (1996) Nature 
Biotechnology 14:303 and EP 0 070 685 Bl. Other labels of interest include those 
described in U.S. Pat. No. 5,563,037; WO 97/17471 and WO 97/17076. 

In some cases, hybridized target nucleic acids may be labeled following 
hybridization. For example, where biotin labeled dNTPs are used in, e.g., amplification or 
transcription, streptavidin linked reporter groups may be used to label hybridized 
complexes. 

In other embodiments, the target nucleic acid is not labeled. In this case, 
hybridization may be determined, e.g., by plasmon resonance, as described, e.g., in Thiel et 
al, (1997) ^/?a/. Chem, 69:4948. 

In one embodiment, a plurality (e.g., 2, 3, 4, 5 or more) of sets of target nucleic 
acids are labeled and used in one hybridization reaction ("multiplex" analysis). For 
example, one set of nucleic acids may correspond to RNA fi*om one cell and another set of 
nucleic acids may correspond to RNA fi'om another cell. The plurality of sets of nucleic 
acids may be labeled with different labels, e.g., different fluorescent labels which have 
distinct emission spectra so that they may be distinguished. The sets may then be mixed 
and hybridized simultaneously to one micro array. 

For example, the two different cells may used. In one instance, the cells could be: 
(a) a blood cell obtained from a patient suffering from leukemia or lymphoma and (b) a 
blood cell obtained from a healthy individual. Alternatively, the cells may be: (a) a 
diseased blood cell of a patient diagnosed as having leukemia or lymphoma and (b) a blood 
cell of a patient suspected of having leukemia or lymphoma. In another embodiment, one 
biological sample is exposed to a drug and another biological sample of the same type is not 
exposed to the drug. The cDNA derived from each of the two cell types are differently 
labeled so that they may be distinguished. In one embodiment, for example, cDNA from a 
diseased cell is synthesized using a fluorescein-labeled dNTP, and cDNA from a second 
cell, i.e., the normal cell, is synthesized using a ihodamine-labeled dNTP. When the two 
cDNAs are mixed and hybridized to the raicroarray, the relative intensity of signal from 
each cDNA set is determined for each site on the array, and any relative difference in 
abundance of a particular mRNA detected. 
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In the example described above, the cDNA from the diseased cell will fluoresce 
green when the fluorophore is stimulated and the cDNA from the cell of a normal subject 
will fluoresce red. As a result, if the two cells express the same level of a given gene, that 
particular mRNA will be equally prevalent in both cells and, upon reverse transcription, 
red-labeled and green-labeled cDNA will be equally prevalent. When hybridized to the 
microarray, the binding site(s) for that species of RNA will emit wavelengths characteristic 
of both fluorophores (and appear brown in combination). In contrast, if the two cells differ 
in their expression of the given gene, the ratio of green to red fluorescence will be different. 

The use of a two-color fluorescence labeling and detection scheme to define 
alterations in gene expression has been described, e.g., in Shena et al., (1995) Science, 
270:467-470. An advantage of using cDNA labeled with two different fluorophores is that 
a direct and internally controlled comparison of the mRNA levels corresponding to each 
arrayed gene in two cell states may be made, and variations due to minor differences in 
experimental conditions (e.g, hybridization conditions) will not affect subsequent analyses. 

Examples of distinguishable labels for use when hybridizing a plurality of target 
nucleic acids to one array are well known in the art and include: two or more different 
emission wavelength fluorescent dyes, like Cy3 and Cy5, combination of fluorescent 
proteins and dyes, like phicoerythrin and Cy5, two or more isotopes with different energy 
of emission, like ^^P and ^^P, gold or silver particles with different scattering spectra, labels 
which generate signals under different treatment conditions, like temperature, pH, treatment 
by additional chemical agents, etc., or generate signals at different time points after 
treatment. Using one or more enzymes for signal generation allows for the use of an even 
greater variety of distinguishable labels, based on different substrate specificity of enzymes 
(alkaline phosphatase/peroxidase). 

Further, it is preferable in order to reduce experimental error to reverse the 
fluorescent labels in two-color differential hybridization experiments to reduce biases 
peculiar to individual genes or array spot locations. In other words, it is preferable to first 
measure gene expression with one labeling (e.g., labeling nucleic acid from a first cell with 
a first fluorochrome and nucleic acid from a second cell with a second fluorochrome) of the 
mRNA from the two cells being measured, and then to measure gene expression from the 
two cells with reversed labeling (e.g., labeling nucleic acid from the first cell with the 
second fluorochrome and nucleic acid from the second cell with the first fluorochrome). 
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Multiple measurements over exposure levels and perturbation control parameter levels 
provide additional experimental error control. 

The quality of labeled nucleic acids may be evaluated prior to hybridization to an 
array. For example, a sample of the labeled nucleic acids may be hybridized to probes 
derived from the 5\ middle and 3' portions of genes known to be or suspected to be present 
in the nucleic acid sample. This will be indicative as to whether the labeled nucleic acids 
are full length nucleic acids or whether they are degraded. In one embodiment, the 
GeneChip® Test3 Array from Affymetrix (Santa Clara, CA) may be used for that purpose. 
This array contains probes representing a subset of characterized genes from several 
organisms including mammals. Thus, the quality of a labeled nucleic acid sample may be 
determined by hybridization of a fraction of the sample to an array, such as the GeneChip® 
Tests Array from Affymetrix (Santa Clara, CA). 

(in) Hybridization of the target nucleic acids to the microarray 

The next step is to contact the labeled target nucleic acids with the array under 
conditions sufficient for binding between the probe and the target of the array. In a 
preferred embodiment, tlie probe will be contacted with the array under conditions 
sufficient for hybridization to occur between the labeled nucleic acids and probes on the 
microarray, where the hybridization conditions will be selected in order to provide for the 
desired level of hybridization specificity. 

Contact of the array and probe involves contacting the array with an aqueous 
medium comprising the probe. Contact may be achieved in a variety of different ways 
depending on specific configuration of the array. For example, where the array simply 
comprises the pattern of size separated targets on the surface of a "plate-like" rigid 
substrate, contact may be accomplished by simply placing the array in a container 
comprising the probe solution, such as a polyethylene bag, and the like. In other 
embodiments where the array is entrapped in a separation media bounded by two rigid 
plates, the opportunity exists to deliver the probe via electrophoretic means. Alternatively, 
where the array is incorporated into a biochip device having fluid entry and exit ports, the 
probe solution may be introduced into the chamber in which the pattern of target molecules 
is presented through the entry port, where fluid introduction could be performed manually 
or with an automated device. In multiwell embodiments, the probe solution will be 
introduced in the reaction chamber comprising the array, either manually, e.g. with a 
pipette, or with an automated fluid handling device. 
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Contact of the probe solution and the targets will be maintained for a sufficient 
period of time for binding between the probe and the target to occur. Although dependent 
on the nature of the probe and target, contact will generally be maintained for a period of 
time ranging from about 10 min to 24 hrs, usually from about 30 min to 12 hrs and more 
usually from about 1 hr to 6 hrs. 

When using commercially available microarrays, adequate hybridization conditions 
are provided by the manufacturer. When using non-commercial microarrays, adequate 
hybridization conditions may be determined based on the following hybridization 
guidelines, as well as on the hybridization conditions described in the numerous published 
articles on the use of microarrays. 

Nucleic acid hybridization and wash conditions are optimally chosen so that the 
probe "specifically binds" or "specifically hybridizes" to a specific array site, i.e., the probe 
hybridizes, duplexes or binds to a sequence array site with a complementary nucleic acid 
sequence but does not hybridize to a site with a non-complementary nucleic acid sequence. 
As used herein, one polynucleotide sequence is considered complementary to another 
when, if the shorter of the polynucleotides is less than or equal to 25 bases, there are no 
mismatches using standard base-pairing rules or, if the shorter of the polynucleotides is 
longer than 25 bases, there is no more than a 5% mismatch. Preferably, the polynucleotides 
are perfectly complementary (no mismatches). It may easily be demonstrated that specific 
hybridization conditions result in specific hybridization by carrying out a hybridization 
assay including negative controls. 

Hybridization is carried out in conditions permitting essentially specific 
hybridization. The length of the probe and GC content will determine the Tm of the hybrid, 
and thus the hybridization conditions necessary for obtaining specific hybridization of the 
probe to the template nucleic acid. These factors are well known to a person of skill in the 
art, and may also be tested in assays. An extensive guide to the hybridization of nucleic 
acids is found in Tijssen (1993), "Laboratory Techniques in biochemistry and molecular 
biology-hybridization with nucleic acid probes." Generally, stringent conditions are 
selected to be about S^'C lower than the thermal melting point (Tm) for the specific 
sequence at a defined ionic strength and pH. The Tm is the temperature (under defined 
ionic strength and pH) at which 50% of the target sequence hybridizes to a perfectly 
matched probe. Highly stringent conditions are selected to be equal to the Tm point for a 
particular probe. Sometimes the term 'Td" is used to define the temperature at which at 



49 



wo 2004/071464 



PCT/US2004/004544 



least half of the probe dissociates from a perfectly matched target nucleic acid. In any case, 
a variety of estimation techniques for estimating the Tm or Td are available, and generally 
described in Tijssen, supra. Typically, G-C base pairs in a duplex are estimated to 
contribute about 3°C to the Tm, while A-T base pairs are estimated to contribute about 2°C, 
up to a theoretical maximum of about 80-1 00°C. However, more sophisticated models of 
Tm and Td are available and appropriate in which G-C stacking interactions, solvent 
effects, the desired assay temperature and the like are taken into account. For example, 
probes may be designed to have a dissociation temperature (Td) of approximately eO'^C, 
using the formula: Td = (((((3 x #GC) + (2 x #AT)) x 37) - 562)/#bp) - 5; where #GC, #AT, 
and #bp are the number of guanine-cytosine base pairs, the number of adenine-thymine 
base pairs, and the number of total base pairs, respectively, involved in the annealing of the 
probe to the template DNA. 

The stability difference between a perfectly matched duplex and a mismatched 
duplex, particularly if the mismatch is only a single base, may be quite small, 
corresponding to a difference in Tm between the two of as little as 0.5 degrees. See 
Tibanyenda et al., (1984) Eur. J. Biochem., 139:19 and Ebel et al., (1992) Biochem., 
31:12083. More importantly, it is understood that as the length of the homology region 
increases, the effect of a single base mismatch on overall duplex stability decreases. 

Theory and practice of nucleic acid hybridization is described, e.g., in S. Agrawal 
(ed.) Methods w Molecular Biology, volume 20; and Tijssen (1993) Laboratojy Techniques 
in biochemistry and molecular biology-hybridization with nucleic acid probes^ e.g., part I 
chapter 2 "Overview of principles of hybridization and the strategy of nucleic acid probe 
assays*', Elsevier, New York provide a basic guide to nucleic acid hybridization. 

Certain microarrays are of "active" nature, i.e., they provide independent electronic 
control over all aspects of the hybridization reaction (or any other affinity reaction) 
occurring at each specific microlocation. These devices provide a new mechanism for 
affecting hybridization reactions which is called electronic stringency control (ESC). The 
active devices of this invention may electronically produce "different stringency 
conditions" at each microlocation. Thus, all hybridizations may be carried out optimally in 
the same bulk solution. These arrays are described in U.S. Patent No. 6,051,380. 

In a preferred embodiment, background signal is reduced by the use of a detergent 
(e.g, C-TAB) or a blocking reagent (e.g., sperm DNA, cot-1 DNA, etc.) during the 
hybridization to reduce non-specific binding. In a particularly preferred (embodiment, the 
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hybridization is performed in the presence of about 0.5 mg/ml DNA (e.g., herring spenn 
DNA). The use of blocking agents in hybridization is well known to those of skill in the art 
(see, e.g., Chapter 8 in Laboratory Techniques in Biochemistry and Molecular Biology, 
Vol. 24: Hybridization With Nucleic Acid Probes, P. Tijssen, ed. Elsevier, N.Y., (1993)). 

The method may or may not fiirther comprise a non-bound label removal step prior 
to the detection step, depending on the particular label employed on the target nucleic acid. 
For example, in certain assay formats (e.g., "homogenous assay formats") a detectable 
signal is only generated upon specific binding of target to probe. As such, in these assay 
formats, the hybridization pattern may be detected without a non-bound label removal step. 
hx other embodiments, the label employed will generate a signal whether or not the target is 
specifically bound to its probe. In such embodiments, the non-bound labeled target is 
removed from the support surface. One means of removing the non-bound labeled target is 
to perform the well known technique of washing, where a variety of wash solutions and 
protocols for their use in removing non-bound label are known to those of skill in the art 
and may be used. Alternatively, non-bound labeled target may be removed by 
electrophoretic means. 

Where all of the target sequences are detected using the same label, different arrays 
will be employed for each physiological source (where different could include using the 
same array at different times). The above methods may be varied to provide for multiplex 
analysis, by employing different and distinguishable labels for the different target 
populations (representing each of the different physiological sources being assayed). 
According to this multiplex method, the same array is used at the same time for each of the 
different target populations. 

In another embodiment, hybridization is monitored in real time using a charge- 
coupled device imaging camera (Guschin et al., (1997) AnaL Biochem.^ 250:203). 
Synthesis of arrays on optical fiber bundles allows easy and sensitive reading (Healy et al., 
(1997) Anal. Biochem. 251:270). In another embodiment, real time hybridization detection 
is carried out on microarrays without washing using evanescent wave effect that excites 
only fluorophores that are bound to the surface {see, e.g., Stimpson et al., (1995) Proc, Natl 
Acad, Scl, 92:6379). 

(iv) Detection of hybridization and analysis of results 

The above steps result in the production of hybridization patterns of labeled target 
nucleic acid on the array surface. The resultant hybridization patterns of labeled nucleic 
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acids may be visualized or detected in a variety of ways, with the particular manner of 
detection being chosen based on the particular label of the target nucleic acid, where 
representative detection means include scintillation counting, autoradiography, fluorescence 
measurement, colorimetric measurement, Ught emission measurement, light scattering, and 
the like. 

One method of detection includes an array scanner that is commercially available 
from Affymetrix (Santa Clara, CA), e.g., the 417™ Arrayer, the 418™ Array Scanner, or 
the Agilent GeneArray^^ Scanner. This scanner is controlled from the system computer 
with a Windows^ interface and easy-to-use software tools. The output is a 16-bit.tif file 
that may be directly imported into or directly read by a variety of software applications. 
Preferred scanning devices are described in, e.g., U.S. Pat. Nos. 5,143,854 and 5,424,186. 

When fluorescently labeled probes are used, the fluorescence emissions at each site 
of a transcript array may be, preferably, detected by scanning confocal laser microscopy. In 
one embodiment, a separate scan, using the appropriate excitation line, is carried out for 
each of the two fluorophores used. Alternatively, a laser may be used that allows 
simultaneous specimen illumination at wavelengths specific to the two fluorophores and 
emissions from the two fluorophores may be analyzed simultaneously (see Shalon et al., 
(1996) Genome Research 6:639-645, which is incorporated by reference in its entirety for 
all purposes). In a preferred embodiment, the arrays are scanned with a laser fluorescent 
scanner v/ith a computer controlled X-Y stage and a microscope objective. Sequential 
excitation of the two fluorophores may be achieved with a multi-line, mixed gas laser and 
the emitted light is split by wavelength and detected with two photomultiplier tubes. 
Fluorescence laser scanning devices are described in Schena et al., (1996) Genome Res. 
6:639-645 and in other references cited herein. Alternatively, the fiber-optic bundle 
described by Ferguson et al., (1996) Nature Biotech. 14:1681-1684, may be used to monitor 
mRNA abundance levels. 

In one embodiment in which fluorescent target nucleic acids are used, the arrays 
may be scanned using lasers to excite fluorescently labeled targets that have hybridized to 
regions of probe arrays, which may then be imaged using charged coupled devices 
("CCDs") for a wide field scanning of the array. Alternatively, another particularly useful 
method for gathering data from the arrays is through the use of laser confocal microscopy 
which combines the ease and speed of a readily automated process with high resolution 
detection. 
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Following the data gathering operation, the data will typically be reported to a data 
analysis operation. To facilitate the sample analysis operation, the data obtained by the 
reader from the device will typically be analyzed using a digital computer. Typically, the 
computer will be appropriately programmed for receipt and storage of the data from the 
device, as well as for analysis and reporting of the data gathered, e.g., subtraction of the 
background, deconvolution multi-color images, flagging or removing artifacts, verifying 
that controls have performed properly, normahzing the signals, interpreting fluorescence 
data to detennine the amount of hybridized target, normaUzation of background and single 
base mismatch hybridizations, and the like. In a preferred embodiment, a system comprises 
a search ftmction that allows one to search for specific patterns, e.g., patterns relating to 
differential gene expression. A system preferably allows one to search for patterns of gene 
expression between more than two samples. 

A desirable system for analyzing data is a general and flexible system for the 
visualization, manipulation, and analysis of gene expression data. Such a system preferably 
includes a graphical user interface for browsing and navigating through the expression data, 
allowing a user to selectively view and highlight the genes of interest. The system also 
preferably includes sort and search functions and is preferably available for general users 
with PC, Mac or Unix workstations. Also preferably included in the system are clustering 
algorithms that are qualitatively more efficient than existing ones. The accuracy of such 
algorithms is preferably hierarchically adjustable so that the level of detail of clustering 
may be systematically refined as desired. 

Various algorithms are available for analyzing the gene expression profile data, e.g., 
the type of comparisons to perform. In certain embodiments, it is desirable to group genes 
that are co-regulated. This allows the comparison of large numbers of profiles. A preferred 
embodiment for identifying such groups of genes involves clustering algorithms (for 
reviews of clustering algorithms, see, e.^., Fukunaga (1990) Statistical Pattern Recogftition, 
2nd Ed., Academic Press, San Diego; Everitt (1974) Cluster Analysis, London: Heinemaim 
Educ. Books; Hartigan, 1975, Clustering Algorithms, New York: Wiley; Sneath and Sokal 
(1973) Numerical Taxonomy, Freeman; Anderberg (1973) Cluster Analysis for 
Applications, Academic Press: New York). 

Clustering analysis is useful in helping to reduce complex patterns of thousands of 
time curves into a smaller set of representative clusters. Some systems allow the clustering 
and viewing of genes based on sequences. Other systems allow clustering based on other 
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characteristics of the genes, e.g., their level of expression {see, e.g., U.S. Patent No. 
6,203,987). Other systems permit clustering of time curves {see, e.g. U.S. Patent No. 
6,263,287). Cluster analysis may be performed using the hclust routine {see, e.g., 
"hclusf'routine from the software package S-Plus, MathSoft, Inc., Cambridge, Mass.). 

In some specific embodiments, genes are grouped according to the degree of co- 
variation of their transcription, presumably co-regulation, as described in U.S. Patent No. 
6,203,987. Groups of genes that have co- varying transcripts are termed "genesets." Cluster 
analysis or other statistical classification methods may be used to analyze the co-variation 
of transcription of genes in response to a variety of perturbations, e.g. caused by a disease 
or a dnig. In one specific embodiment, clustering algorithms are applied to expression 
profiles to construct a "similarity tree" or "clustering tree" which relates genes by the 
amount of co-regulation exhibited. Genesets are defined on the branches of a clustering 
tree by cutting across the clustering tree at different levels in the branching hierarchy. 

In some embodiments, a gene expression profile is converted to a projected gene 
expression profile. The projected gene expression profile is a collection of geneset 
expression values. The conversion is achieved, in some embodiments, by averaging the 
level of expression of the genes within each geneset. In some other embodiments, other 
linear projection processes may be used. The projection operation expresses the profile on 
a smaller and biologically more meaningfiil set of coordinates, reducing the effects of 
measurement errors by averaging them over each cellular constituent sets and aiding 
biological interpretation of the profile. 

6.2, Other methods for determining gene expression levels 

In certain embodiments, it is sufficient to determine the expression of one or only a 
few genes, as opposed to hundreds or thousands of genes. Although microarrays may be 
used in these embodiments, various other methods of detection of gene expression are 
available. This section describes a few exemplary methods for detecting and quantifying 
mKNA or polypeptide encoded thereby. Where the first step of the methods includes 
isolation of mRNA from cells, this step may be conducted as described above. Labeling of 
one or more nucleic acids may be performed as described above. 

In one embodiment, mRNA obtained form a sample is reverse transcribed into a 
first cDNA strand and subjected to PCR, e.g., RT-PCR. House keeping genes, or other 
genes whose expression does not vary may be used as internal controls and controls across 
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experiments. Following the PGR reaction, the amplified products may be separated by 
electrophoresis and detected. By using quantitative PGR, the level of amplified product 
will correlate with the level of RNA that was present in the sample. The amplified samples 
may also be separated on a agarose or polyacrylamide gel, transferred onto a filter, and the 
filter hybridized with a probe specific for the gene of interest. Numerous samples may be 
analyzed simultaneously by conducting parallel PGR amplification, e.g., by multiplex PGR. 

In another embodiment, mRNA levels are determined by dotblot analysis and 
related methods {see, e.g., G. A. Beltz et aL, (1985) in Methods in Enzymology, Vol. 100, 
Part B, R. Wu, L. Grossmam, K. Moldave, Eds., Academic Press, New York, Chapter 19, 
pp. 266-308). In one embodiment, a specified amount of RNA extracted fi-om cells is 
blotted (i.e., non-covalently bound) onto a filter, and the filter is hybridized with a probe of 
the gene of interest. Numerous RNA samples may be analyzed simultaneously, since a blot 
may comprise multiple spots of RNA. Hybridization is detected using a method that 
depends on the type of label of the probe. In another dotblot method, one or more probes of 
one or more differentially expressed genes in hematopoietic stem cells are attached to a 
membrane, and the membrane is incubated with labeled nucleic acids obtained from and 
optionally derived from RNA of a cell or tissue of a subject. Such a dotblot is essentially 
an array comprising fewer probes than a microarray. 

"Dot blot" hybridization gained wide-spread use, and many versions were 
developed {see. e.g., M. L. M. Anderson and B. D. Young (1985) Nucleic Acid 
Hybridization-A Practical Approach, B. D. Hames and S. J. Higgins, Eds., IRL Press, 
Washington D.C., Chapter 4, pp. 73-1 1 1). 

Another format, the so-called "sandwich*' hybridization, involves covalently 
attaching oligonucleotide probes to a solid support and using them to capture and detect 
multiple nucleic acid targets {see, e.g, M. Ranki et aL, (1983) Gene 21:77-85; UK Patent 
Application GB 2156074A; U.S. Pat. No. 4,563,419; PCT WO 86/03782; U.S. Pat. No. 
4,751,177; PCT WO 90/01564; Wallace et al., (1979) Nucleic Acid Res, 6(11): 3543 and 
Connor et aL, (1983) Proa Nad. Acad Sci, USA 80:278-282). Multiplex versions of these 
formats are called "reverse dot blots." 

mRNA levels may also be detennined by Northern blots. Specific amoimts of RNA 
are separated by gel electrophoresis and transferred onto a filter which is then hybridized 
with a probe corresponding to the gene of interest. This method, although more 
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burdensome when numerous samples and genes are to be analyzed provides the advantage 
of being very accurate. 

A preferred method for high throughput analysis of gene expression is the serial 
analysis of gene expression (SAGE) technique, j5rst described in Velculescu et al, (1995) 
Science, 270:484-487. Among the advantages of SAGE is that it has the potential to 
provide detection of all genes expressed in a given cell type, provides quantitative 
information about the relative expression of such genes, permits ready comparison of gene 
expression of genes in two cells, and yields sequence information that may be used to 
identify the detected genes. Thus far, SAGE methodology has proved itself to reliably 
detect expression of regulated and nonregulated genes in a variety of cell types (Velculescu 
et al, (1997) Cell. 88:243-251; Zhang et al., (1997) Science. 276:1268-1272 and Velculescu 
et al., (1999) Nat. Genet. 23:387-388. 

Techniques for producing and probing nucleic acids are further described, for 
example, in Sambrook et al, (1989) "Molecular Cloning: A Laboratory Mannar (New 
York, Cold Spring Harbor Laboratory). 

Alternatively, the level of expression of one or more genes differentially expressed 
during a purified population of hematopoietic stem cells may be determined by in situ 
hybridization. In one embodiment, a tissue sample is obtained from a subject, the tissue 
sample is sliced, and in situ hybridization is performed according to methods known in the 
art, to determine the level of expression of the genes of interest. 

In other methods, the level of expression of a gene is detected by measuring the 
level of protein encoded by the gene. This may be done, e.g., by immunoprecipitation, 
ELISA, or immunohistochemistiy using an agent, e.g., an antibody, that specifically detects 
the protein encoded by the gene. Other techniques include Western blot analysis. 
Immunoassays are commonly used to quantitate the levels of proteins in cell samples, and 
many other immunoassay techniques are known in the art. The invention is not limited to a 
particular assay procedure, and therefore is intended to include both homogeneous and 
heterogeneous procedures. Exemplary immunoassays which may be conducted according 
to the invention include fluorescence polarization immunoassay (FPIA), fluorescence 
immunoassay (FIA), enzyme immunoassay (EIA), nephelometric inhibition immunoassay 
(NIA), enzyme linked immunosorbent assay (ELISA), and radioimmunoassay (RIA). An 
indicator moiety, or label group, may be attached to the subject antibodies and is selected so 
as to meet the needs of various uses of the method which are often dictated by the 



56 



wo 2004/071464 



PCT/US2004/004544 



availability of assay equipment and compatible immunoassay procedures. General 
techniques to be used in performing the various immunoassays noted above are known to 
those of ordinary skill in the art. 

In the case of polypeptides which are secreted from cells, the level of expression of 
these polypeptides may be measured in biological fluids. 

Other methods of screening for hematopoietic stem cells include determining the 
activity of a protein encoded by a gene selected from the Table 1 or Table 2 of the 
invention, and comparing the activity of said protein in a test cell with that in a control cell 
of the same type. The method of diagnosis may also comprise the steps of determining the 
lev.el of turnover of a protein, the translational level of a protein, or the level of tumover of 
an mKNA encoded by a gene listed in Table 1 or Table 2 of the present invention. Assays 
to determine the activity of a particular protein, tumover levels, and translational levels are 
routinely used in the art, are well-known to one of skill in the art, and may be adapted to the 
methods of the present invention with no more than routine experimentation. 

6,3, Data analysis methods 

Comparison of the expression levels of one or more genes differentially expressed is 
preferably conducted using computer systems. In one embodiment, expression levels are 
obtained in two different cell populations and these two sets of expression levels are 
introduced into a computer system for comparison. In another embodiment, one set of 
expression levels is entered into a computer system for comparison with values that are 
already present in the computer system, or in computer-readable fonm that is then entered 
into the computer system. 

In one embodiment, the invention provides a computer readable form of the gene 
expression profile data of the invention, or of values corresponding to the level of 
expression of at least one gene over- or under-represented in a CD34VCD387Lin HSC. 
The values may be mRNA expression levels obtained from experiments, e.g., microanay 
analysis. The values may also be mRNA levels normalized relative to a reference gene 
whose expression is constant in numerous cells imder numerous conditions, e.g., GAPDH. 
In other embodiments, the values in the computer are ratios of, or differences between, 
normalized or non-normalized mRNA levels in different samples. 

The gene expression profile data may be in the form of a table, such as an Excel 
table. The data may be alone, or it may be part of a larger database, e.g., comprising other 
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expression profiles. For example, the expression profile data of the invention may be part 
of a public database. The computer readable form may be in a computer. In another 
embodiment, the invention provides a computer displaying the gene expression profile data. 

In one embodiment, the invention provides a method for determining the similarity 
between the level of expression of one or more genes differentially expressed in a sample of 
cells being analyzed, and entering these values into a computer comprising a database 
including records comprising values corresponding to levels of expression of one or more 
genes whose expression is characteristic of CD34VCD38'/Lin" HSCs, The database may 
further comprise processor instructions, e.g., a user interface, capable of receiving a 
selection of one or more values for comparison purposes with data that is stored in the 
computer. The computer may further comprise a means for converting the comparison data 
into a diagram or chart or other type of output. 

In one embodiment, the invention provides a system that comprises a means for 
receiving gene expression data for one or a plurality of genes; a means for comparing the 
gene expression data from each of said one or pluraUty of genes to a common reference 
frame; and a means for presenting the results of the comparison. This system may further 
comprise a means for clustering the data. 

In another embodiment, the invention provides a computer program for analyzing 
gene expression data comprising (i) a computer code that receives as input gene expression 
data for a plurality of genes and (ii) a computer code that compares said gene expression 
data from each of said plurality of genes to a common reference frame. 

The invention also provides a machine-readable or computer-readable mediiun 
including program instructions for performing the following steps: (i) comparing a plurality 
of values corresponding to expression levels of one or more genes differentially expressed 
in a purified population of HSCs with a database including records comprising reference 
expression or expression profile data of one or more reference CD34*^/CD387Lin" HSCs 
and an annotation of the type of cell; and (ii) indicating as to whether the query cell is most 
similar to a CD34^/CD38'/Lin" HSC based on similarities of expression profiles. 

The relative abundance of a mRNA in two biological samples may be scored as a 
perturbation and its magnitude determined (i.e., the abundance is different in the two 
sources of mRNA tested), or as not perturbed (i.e., the relative abundance is the same). In 
various embodiments, a difference between the two sources of RNA of at least a factor of 
about 25% (RNA from one source is 25% more abundant in one source than the other 
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source), more usually about 50%, even more often by a factor of about 2 (twice as 
abundant), 3 (three times as abundant) or 5 (five times as abundant) is scored as a 
perturbation. Perturbations may be used by a computer for calculating and expression 
comparisons. 

Preferably, in addition to identifying a perturbation as positive or negative, it is 
advantageous to determine the magnitude of the perturbation. This may be carried out, as 
noted above, by calculating the ratio of the emission of the two fluorophores used for 
differential labeling, or by analogous methods that will be readily apparent to those of skill 
in the art. 

In operation, the means for receiving gene expression data, the means for comparing 
the gene expression data, the means for presenting, the means for normalizing, and the 
means for clustering within the context of the systems of the present invention may involve 
a programmed computer with tlie respective functionalities described herein, implemented 
in hardware or hardware and software; a logic circuit or other component of a programmed 
computer that performs the operations specifically identified herein, dictated by a computer 
program; or a computer memory encoded with executable instructions representing a 
computer program that may cause a computer to function in the particular fashion described 
herein. 

Those skilled in the art will understand that the systems and methods of the present 
invention may be applied to a variety of systems, including IBM-compatible personal 
computers running MS-DOS or Microsoft Windows. 

The computer may have internal components linked to external components. The 
internal components may include a processor element interconnected with a main memory. 
The computer system may be an Intel Pentium®-based processor of 200 MHz or greater 
clock rate and with 32 MB or more of main memory. The external component may 
comprise a mass storage, which may be one or more hard disks (which are typically 
packaged together with the processor and memory). Such hard disks are typically of 1 GB 
or greater storage capacity. Other external components include a user interface device, 
which may be a monitor, together with an inputing device, which may be a "mouse", or 
other graphic input devices, and/or a keyboard. A printing device may also be attached to 
the computer. 

Typically, the computer system is also linked to a network link, which may be part 
of an Ethernet link to other local computer systems, remote computer systems, or wide area 
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communication networks, such as the Internet. This network link allows the computer 
system to share data and processing tasks with other computer systems. 

Loaded into memory during operation of this system are several software 
components, which are both standard in the art and special to the instant invention. These 
software components collectively cause the computer system to fimction according to the 
methods of this invention. These software components are typically stored on a mass 
storage. A software component represents the operating system, which is responsible for 
managing the computer system and its network interconnections. This operating system 
may be, for example, of the Microsoft Windows' family, such as Windows 95, Windows 
98, or Windows NT. A software component represents common languages and functions 
conveniently present on this system to assist programs implementing the methods specific 
to this invention. Many high or low level computer languages may be used to program the 
analytic methods of this invention. Instructions may be interpreted during run-time or 
compiled. Preferred languages include C/C++, and JAVA®. Most preferably, the methods 
of this invention are programmed in mathematical software packages which allow symbolic 
entry of equations and high-level specification of processing, including algorithms to be 
used, thereby fi-eeing a user of the need to procedurally program individual equations or 
algorithms. Such packages include Matlab fi-om Mathworks (Natick, Mass.), Mathematica 
from Wolfram Research (Champaign, 111.), or S-Plus from Math Soft (Cambridge, Mass.). 
Accordingly, a software component represents the analytic methods of this invention as 
programmed in a procedural language or symbolic package. In a preferred embodiment, 
the computer system also contains a database comprising values representing levels of 
expression of one or more genes whose expression is characteristic of HSC's. 

In an exemplary implementation, to practice the methods of the present invention, a 
user fust loads expression profile data into the computer system. These data may be directly 
entered by the user from a monitor and keyboard, or from other computer systems linked by 
a network connection, or on removable storage media such as a CD-ROM or floppy disk or 
through the network. Next the user causes execution of expression profile analysis software 
which performs the steps of comparing and, e.g., clustering co-varying genes into groups of 
genes- 

In another exemplary implementation, expression profiles are compared using a 
method described in U.S. Patent No. 6,203,987. A user first loads expression profile data 
into the computer system. Geneset profile definitions are loaded into the memory from the 
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Storage media or from a remote computer, preferably from a dynamic geneset database 
system, through the network. Next the user causes execution of projection software which 
performs the steps of converting expression profile to projected expression profiles. The 
projected expression profiles are then displayed. 

In yet another exemplary implementation, a user first leads a projected profile into 
the memory. The user then causes the loading of a reference profile into the memory. 
Next, the user causes the execution of comparison software which performs the steps of 
objectively comparing the profiles. 

7. Exemplary diagnostic and prognostic compositions and uses of the invention 
7. 1 . Methods of Isolating Pure HSC populations for transplantation 

Set forth above are exemplary methods of the invention which may be used to 
determine the differential expression of one or more genes in freshly purified and/or 
cultured HSC-substantially enriched populations to isolate a purified cell population that is 
substantially enriched in CD34VCD38/Lin" HSCs and capable of reconstituting 
hematopoiesis in subjects in need thereof. This may be accomplished by providing a cell 
suspension of bone marrow, umbilical cord blood or mobilized peripheral blood cells and 
enriching the cell population using methods described herein for CD34VCD387Lin cells. 

In one embodiment, the gene expression profile of such populations may be 
determined by reverse transcription-polymerase chain reaction (RT-PCR); dotblot analysis; 
Northern blot analysis and in situ hybridization. In a preferred embodiment, the gene 
expression is determined by using a microarray which contains probes of the genes that are 
over- or under-represented in CD34VCD38 /Lin" HSC-substantially enriched populations as 
compared to CD34'*'/CD38^/Lin*^ HPC-enriched populations. In another embodiment, the 
level of protein encoded by one or more of the genes that are over- or under-represented in 
CD34VCD387Lin' HSC-substantially enriched populations as compared to 
CD34VCD38'^/Lin'*' HPC-enriched populations is determined. This may be done by a 
variety of methods, e.g., immunohistochemistry. The gene expression profile of the HSC 
population should have a similar expression profile to that of CD34VCD38"/Lin' HSC- 
substantially enriched populations of the invention. Thus the methods of the invention may 
be used to ensure that the HSC population enriched using the methods described herein or 
methods known to one skilled in the art is enriched by at least 2-fold, 5-fold, 10-fold, 50- 
fold, 100-fold, 500-fold, 1000-fold or more in CD34VCD38'/Lin' hematopoietic stem cells. 



61 



wo 2004/071464 



PCT/US2004/004544 



More highly-purijSed hematopoietic stem cell populations that are obtained in this 
manner are crucial for transplantation purposes as it is necessary to transplant only cell 
populations that are free of diseased cells (e.g., occult tumor cells) to avoid re-introduction 
of the disease in autologous BMT in a patient already suffering from disorders listed below. 
Once identified within a CD34VCD387Lin' substantially enriched cell population, 
contaminating tumor cells may be removed from a sample using further purification steps. 
Some metastatic tumor cells express hematopoietic Uneage markers or antigens, for 
example, tumor cells from B-lymphomas, multiple myeloma, some chronic lymphocytic 
leukemias (CLL), and some acute lymphocytic leukemias (ALL) express B-cell markers 
such as CD22, CD20, CD29, and T cells from ALL and CLL express T-cell markers, and 
antibodies to these antigens may be included in the antibody compositions of the invention 
to remove tumor cells expressing the hematopoietic lineage antigens to recover a cell 
preparation which is further enriched in normal human hematopoietic stem cells and 
depleted of tumor cells. 

The compositions and methods of the invention may be used in the processing of 
biological samples including blood in particular, cord blood, whole blood, mobilized 
peripheral blood stem-progenitor cells and bone marrow. The methods of the invention are 
preferably used to deplete or purge erythrocytes, B and T lymphocytes, monocytes, NK 
cells, granulocytes, and/or tumor cells from samples to prepare hematopoietic stem cell 
preparations for use in transplantation as well as other therapeutic methods that ai-e readily 
apparent to those of skill in die art. For example, such cell populations can be administered 
directly by I.V. to a patient requiring a bone marrow transplant in an amount sufficient to 
reconstitute the patient*s hematopoietic and immune system. Precise, effective quantities 
can be readily determined by those skilled in the art and will depend, of course, upon the 
exact condition being treated by the therapy. In many applications, however, an amount 
containing approximately the same number of stem cells found in one-half to one liter of 
aspirated marrow should be adequate. Bone marrow or blood can be harvested from a 
donor in the case of an allogenic transplant and substantially enriched for progenitor and 
stem cells by the processes described herein. In a preferred embodiment, allogenic 
transplantation of said population of stem cells purified by the methods of this invention 
will additionally prevent GHVD from occurring in the subject receiving the transplant. The 
purified hematopoietic stem cell population obtained by the methods of the invention may 
also be stored in a frozen viable state in the event the subject suffers a relapse. 
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Disorders that can be treated by infiision of stem cells include but are not limited to 
five broad categories. First are diseases resulting fi-om a failure or dysfunction of nonnal 
blood cell production and maturation (i.e., aplastic anemia and hypoproliferative stem cell 
disorders). The second group are neoplastic, malignant diseases in the hematopoietic 
organs (e.g., leukemias, lymphomas, myelomas). The third group of disorders comprises 
those of patients with a broad spectrum of malignant soHd tumors of non-hematopoietic 
origin. Stem cell infusion in these patients serves as a bone marrow rescue procedure, 
which is provided to a patient following otherwise lethal chemotherapy or irradiation of the 
patient, designed to eliminate malignant tumor cells. The foiuth group of diseases consists 
of autoimmune conditions, where the stem cells serve as a source of replacement of an 
abnomial immune system. The fifth group of diseases comprises a number of genetic 
disorders which can be corrected by infusion of hematopoietic stem cells, preferably 
syngeneic, which prior to transplantation have undergone gene therapy. Particular diseases 
and disorders which can be treated by hematopoietic reconstitution with substantially 
enriched population of hematopoietic stem cells include but are not limited to those listed 
here: Diseases resulting firom a failure or dysfunction of normal blood (cell production and 
maturation, hyperproliferative stem cell disorders, aplastic anemia, pancytopenia, 
agranulocytosis, thrombocytopenia, red cell aplasia, Blackfan-Diamond syndrome, due to 
drugs, radiation, or infection, idiopathic); Hematopoietic malignancies (acute lymphoblastic 
(lymphocytic) leukemia, chronic lymphocytic leukemia, acute myelogenous leukemia, 
chronic myelogenous leukemia, acute malignant myelosclerosis, multiple myeloma, 
polycythemia vera, agnogenic myelometaplasia, Waldenstrom's macroglobuluxemia, 
Hodgkin's lymphoma, non-Hodgkins's lymphoma); Malignant, solid tumors (malignant 
melanoma, carcinoma of the stomach, ovarian carcinoma, breast carcinoma, small cell lung 
carcinoma, retinoblastoma, testicular carcinoma, glioblastoma, rhabdomyosarcoma, 
neuroblastoma, Ewing's sarcoma, lymphoma); Autoimmune diseases (rheumatoid arthritis, 
diabetes type I, chronic hepatitis, multiple sclerosis, systemic lupus erythematosus); 
Genetic (congenital) disorders (anemias, familial aplastic, Fanconi's syndrome. Bloom's 
syndrome, pure red cell aplasia (PRCA), dyskeratosis congenita, Blackfan-^Diamond 
syndrome, congenital dyserythropoietic syndromes MV, Schwachmann-Diamond 
syndrome, dihydrofolate reductase deficiencies, formamino transferase deficiency, Lesch- 
Nyhan syndrome, congenital spherocytosis, congenital eUiptocytosis, congenital 
stomatocytosis, congenital Rh null disease, paroxysmal nocturnal hemoglobinuria, G6PD 
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(glucose-6-phosphate dehydrogenase) variants 1, 2, 3, pyruvate kinase deficiency, 
congenital erythropoietin sensitivity deficiency, sickle cell disease and trait, thalassemia 
alpha, beta, gamma, met-hemoglobinemia, congenital disorders of immunity, severe 
combined immunodeficiency disease (SCDD), bare lymphocyte syndrome, ionophore- 
responsive combined immunodeficiency, combined immunodeficiency with a capping 
abnormality, nucleoside phosphorylase deficiency, granulocyte actin deficiency, infantile 
agranulocytosis, Gaucher's disease, adenosine deaminase deficiency, Kostmann's syndrome, 
reticular dysgenesis, congenital leukocyte dysfimction syndromes) and Others 
(osteopetrosis, myelosclerosis, acquired hemolytic anemias, acquired immunodeficiencies, 
infectious disorders causing primary or secondary, immunodeficiencies, bacterial infections 
(e.g., Brucellosis, Listerosis, tuberculosis, leprosy), parasitic infections (e.g., malaria. 
Leishmaniasis), fungal infections, disorders involving disproportions in lymphoid cell sets 
and, impaired immune functions due to aging, phagocyte disorders, Kostmann's 
agranulocytosis, chronic granulomatous disease, Chediak-Higachi syndrome, neutrophil 
actin deficiency, neutrophil membrane GP-180 deficiency, metabolic storage diseases, 
mucopolysaccharidoses, mucolipidoses, miscellaneous disorders involving immune 
mechanisms, Wiskott-Aldrich Syndrome, alpha 1-antitrypsin deficiency). 

7.2. Methods of Diagnosing Leukemia or Lymphoma 

In other embodiments, the level of expression of one or more genes in a tissue 
sample fi-om a subject having or suspected of having leukemia or lymphoma, may be 
determined using the methods described herein. In one embodiment, samples of blood or 
bone marrow cells may be obtained fi*om said patients through means known to persons 
skilled in the art. In a preferred embodiment, the level of expression of one or more genes 
in the tissue sample firom the patient is compared to the level of expression of one or more 
genes in a normal CD34'^/CD38*/Lin HSC-substantially enriched population by using a 
microarray which contains probes of the genes that are over- or under-represented in 
CD34'*'/CD387Lin' HSC-substantially enriched populations. By comparing the profile of 
genes expressed in the patient's cells with the profile of genes expressed in the normal 
CD34'*^/CD387Lin" substantially enriched stem cell population, one may determine if the 
patient's cells appear to be identical or closely similar to normal CD34+/CD38-/Lin- versus 
a totally different type(s) of cells that may reflect disease, such as leukemia. If the 
different, disordered expression profile of the cells fi^om the patient having leukemia or 
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lymphoma does not match that of the profile of genes differentially expressed in 
CD34VCD38"/Lin' substantially enriched stem cell population (as listed in Table 1 and 2), 
the patient may be subjected to further treatment to completely eradicate such cells. The 
method as described above may provide a more sensitive means of diagnosing remission 
and or relapse in patients suffering firom hematologic malignancies who have completed 
their course of traditional or experimental treatment, i.e. chemotherapy and/or radiotherapy. 

This method of gene profiling may be performed on subjects who have not been 
diagnosed with leukemia or lymphoma but exhibit symptoms of the disease for diagnosis 
purposes. 

73. Methods of Determining Optimal Tune to Harvest HSCs from blood 

In another embodiment, the gene profiling methods of the invention may be used to 
determine the optimal time to harvest growth-factor-mobilized peripheral blood stem- 
progenitor cells (PBSC) in those instances when obtaining HSCs fi-om bone marrow or cord 
blood may not be feasible or preferable. Peripheral blood stem cell transplants is also a 
commonly used ahemative source of HSCs available for harvest transplant grafts from 
unrelated donors and patients. Currently, most PBSC transplants are autologous ~- cells are 
removed fi-om a patient, stored as the patient receives high-dose therapy, and reinfiised into 
the same patient. In the setting of related-donor (sibling) transplants, PBSCs are gradually 
replacing marrow as the preferred source of transplant material. In settings where the 
recipient is unrelated to the donor, PBSC transplants are generally performed only when a 
second donation is needed to counter graft rejection, as the recipients body rejects donated 
marrow; or when engraftment does not continue, that is, the transplanted hematopoietic 
stem cells simply fail to grow and produce new blood cells (http://www.nih.gov/news/NIH- 
Record/10_21_97/story01.htm). However, these clinical practices are evolving, and all 
three tissue sources (i.e., bone marrow, cord blood, PBSC) are considered as therapeutic 
options for certain clinical situations or individual patients or allograft donors. 

The PBSC transplant procedure begins when the donor is injected with a growth 
factor (usually granulocyte macrophage colony stimulating factor (GM-CSF) or 
Granulocyte Colony Stimulatmg Factor (G-CSF)), which causes hematopoietic stem cells 
to multiply and be released from the marrow into the blood stream. This is done because 
HSCs nonnally present in peripheral blood circulate in much lower concentrations than in 
bone marrow. The relatively small number of HSCs found in peripheral blood before flie 
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growth factor is given makes it diiHicult to collect enough cells for a successful transplant. 
The donor or patient, therefore, is injected with the growth factor for 5 consecutive days. 

In one embodiment, samples of blood may be obtained jfrom said patient or donor 
through means known to persons skilled in the art after 1-3, 4-6, 7-9, 10-12, 12-14 days 
after the growth factors are administered. In a preferred embodiment, the proJBle of 
expression of one or more genes in the cells of the blood sample may be compared to the 
profile of expression of one or more genes in a CD34'*^/CD38"/Lin' HSC-substantially 
enriched population by using for example, a microarray which contains probes of the genes 
that are over- or under-represented in CD34VCD38*/Lin' HSC-substantially enriched 
populations. By comparing and quantitating the profile of genes expressed in such cells 
with the profile of genes differentially expressed in CD34"*'/CD38"/Lin" substantially 
enriched stem cell population, one may determine when an optimal number of primitive 
hematopoietic stem cells has been produced or released into the peripheral blood. From 
this, one may then determine the optimal time to harvest such hematopoietic stem cells 
from the donor or the patient using a nonsurgical process or any other process known to 
those skilled in the medical arts. 

In another embodiment, cells are incubated in culture after being isolated from their 
soiu'ce, such as a donor or patient. This incubation period, which may last as short as a few 
hours to as long as a few days, is intended to allow the cells to recover from the stress and 
trauma associated with their isolation fi:om the host. During the incubation period, one may 
compare and quantify the profile of genes expressed in such cells with the profile of genes 
differentially expressed in CD34^/CD387Lin" substantially enriched stem cell population, to 
determine when an optimal number of hematopoietic stem cells has been produced in the 
culture. The incubation period may range from about 10-20 hours, 20-30 hours, 30-40 
hours, 40-50 hours, 50-60 hours, 60-70 hours or 70-80 hours. 

7 A. Methods of Screening 

The present invention further relates to the use of the novel panels of genes listed in 
Tables 1 and 2 in methods of screening for candidate agents for use in inhibiting or 
stimulating hematopoiesis, survival, self-renewal, and/or migration/adhesion capabiHties of 
HSCs. The candidate agents may be selected, for example, from the following classes of 
compounds: proteins, peptides, peptidomimetics, small molecules, cytokines, or hormones. 
In other embodiments, candidate agents are evaluated for their ability to bind a target gene. 
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The candidate agents may be selected, for example, from tlie following classes of 
compounds: antisense nucleic acids, small molecules, polypeptides, proteins, 
peptidomimetics, or nucleic acid analogs. La some embodiments, the candidate agents may 
be in a library of compounds. These libraries may be generated using combinatorial 
synthetic methods. HSCs can be incubated with various concentrations of a test compound. 
In an illustrative embodiment, differentiated cells may be plated in the wells of a multi-well 
plate to which different concentrations of the test compound are added, e.g., 0 juM; 0.01 
/iM; 0.1 /iM; 1 [M; 10 /xM; 100 /iM; 1 mM; 10 mM and 100 mM. Cells can be incubated 
for various times, e.g., 1 minute, 10 minutes, 1 hour, 2 hours, 5 hours, 10 hours, 24 hours, 
36 hours or more. In certain embodiments of the present invention, the ability of said 
candidate agent to bind a target protein may be evaluated by an in vitro assay. In 
embodiments of the invention where the target of the candidate therapeutics is a gene, the 
ability of the candidate agent to bind the gene may be evaluated by an in vitro assay. In 
either embodiment, the binding assay may also be in vivo. 

In order to assess the effect of a test agent on hematopoietic stem cell differentiation 
for example, the agent may be contacted with the hematopoietic stem cells and the HSCs 
assessed using methods as previously described for changes to the expression of genes as 
listed in Table 1 or Table 2. 

7.5. Methods of Differentiating Hematopoietic stem cell-substantially enriched 
populations obtained by methods of the invention 

Alternatively, isolated and purified hematopoietic stem cell substantially enriched 
populations with gene expression profile of CD34VCD387Lin" HSC-substantially enriched 
population as described in Table 1 and 2 may be contacted with various growth factors 
(termed differentiation factors) that influence differentiation of such stem cells into 
particular cell types such as hepatocytes, endotheUal cells, muscle and neural cells for a 
sufficient period of time. As used herein, the phrase "a sufficient period of time" may 
range from at least 1-24 hours, 1-2 days, 2-4 days, 4-10 days or 10-14 days. 

Hematopoietic stem cells isolated by the methods of the invention may be induced 
to differentiate into hepatocytes by culturing the cells imder appropriate conditions and for 
a sufficient period of time. As used herein the term "hepatocyte differentiation promoting 
conditions" refers to culture of hematopoietic stem cells imtil the desired phenotype 
emerges. For example, HSCs may be cultured in media that include a hepatocyte 
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differentiation factor such as epidermal growth factor EGF (0.1-lOOng/ml); dexamethasone 
(0.1-100/iM); hepatocyte growth factor HGF (0.1-lOOng/ml); insulin (O.MOO)xg/ml), 
transferrin (0.1-100/ig/ml), selenium (0.1-lOOng/ml, ethanolamine (0.1-100/xg/ml), 
phenobarbital (1 mM), Type-I collagen. Culturing HSCs in the presence of growth factors 
promotes undifferentiated cells to differentiate and display the phenotype of differentiated 
cells. The phenotype of the differentiated cells can be determined by measuring the 
presence of particular markers that have been defined to be present in a particular 
differentiated cell. The tenn "hepatocytes" as used herein refers to cells that have 
characteristics of epithelial cells obtained firom liver. Hepatocytes are cells that express 
markers such as asialoglycoprotein receptor (ASGR), alpha- 1 -antitrypsin (Al AT), albumin, 
hepatocyte nuclear factors (HNFl and HNF4) and cytochrome P450 (CYP) genes (lAl, 
1A2, 2A6, 2B6, 2C8, 2C9, 2C18, 2C38, 2D6, 3A4, 3A5, 3A7, 4A11). Other markers of 
interest for hepatocytes include al -antitrypsin, glucose-6-phosphatase, transferrin, 
cytokeratin 7 (CK7), 7-glutamyl transferase; hepatocyte nuclear factors (HNF IjS, HNP 3a, 
HNF-4a), transthyretin, cystic fibrosis transmembrane conductance regulator (CFTR), 
glucokinase, insulin giowth factors (IGF) 1 and 2, IGF-1 receptor, insulin receptor, leptin, 
apolipoproteins (apoE, apoAH, apoB, apoCIII, apoCII), aldolase B, phenylalanine 
hydroxylase, L-type fatty acid binding protein, transferrin, retinol binding protein, 
erythropoietin (EPO), carnitine palmitoyltransferase (CPT), aldo-keto reductase 1 and 
clotting factors, such as Factor V, VII, VIII, DC and X. These cells could be used as a part 
of a therapy for patients suffering from a deficiency or loss of function of hepatocytes. 
Additionally, such cells could be used as gene delivery devices in gene therapy. 

Hematopoietic stem cells isolated by the methods of the invention can be 
differentiated into endothelial cells by culturing the cells under appropriate conditions and 
for a sufficient period of time. As used herein the term "endothelial cell differentiation 
promoting conditions" refers to culture of hematopoietic stem cells until the desired 
phenotype emerges. For example, HSCs may be cultured in media that include an 
endothelial cell differentiation factor, such as Matrigel™, vascular endotiielial growth 
factor (VEGF), fibroblast growth factor-1 (FGF-I), fibroblast growth factor-2 (FGF-2), 
platelet-derived endothelial cell growth factor (PD-ECGF), and platelet-derived growth 
factor (PDGF) in concentrations rangmg from about 0.1 to 10,000 ng/mL or from about 10- 
100 ng/ml. As used herein, endothelial cells refer to a thin, flattened cell, a layer of them 
lines the inside surfaces of body cavities, blood vessels, and lymph vessels, making up the 
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endothelium. Endothelial cell may express a marker including but not limited to 
angiopoietin-1 (ANG-l), protein C receptor endothelial (PROCR/EPCR), vascular cell 
adhesion molecule-1 (VCAM-1), FMS-like tyrosine kinase 1 (FLT-1, also known as 
vascular endothelial growth factor (VEGF) receptor-1) and RGD (arginine-glycine-aspartic 
acid)-dependent integrins, including the vitronectin receptor (alphavbetas or .alphaybetas), 
the collagen Types I and IV receptor (alphaibetaO, the laminin receptor (alpha2betai), the 
fibronectin/laminin/collagen receptor (alphasbetai) and the fibronectin receptor (Davis et 
al., /. Cell Biochem. 51:206-218 (1993)). These cells could be used as a part of a therapy 
for patients suffering from a deficiency or loss of function of endothelial cells. 
Additionally, such cells could be used as gene dehvery devices in gene therapy. 

Hematopoietic stem cells isolated by the methods of the invention can be 
differentiated into neural cells by culturing the cells under appropriate conditions and for a 
sufficient period of time. As used herein the term "neural cell differentiation promoting 
conditions" means culturing hematopoietic stem cells until the desired phenotype emerges. 
For example, HSCs may be cultured in media that include a neural cell differentiation 
factor such as erythropoietin (EPO), all trans retinoic acid, epidermal growth factor (EOF) 
(0.1-lOOng/ml), dexamethasone (0.1-100/xM), hepatocyte growth factor (HGF) (0.1- 
lOOng/ml), insulin (0.1-100^g/ml)-.transferrin (O.M00itig/ml)-selenium (0.1-lOOng/ml) 
(ITS), ethanolamine (O.MOOjLig/ml) and, in particular, with fibroblast growth factor 4 
(FGF-4), preferably in the range of lOng/ml, nerve growth factor (NGF), transforming 
growth factor-alpha (TGF-alpha), brain-derived neurotrophic factor (BDMF), glial-derived 
neurotrophic factor (GDNF), acidic fibroblast growth factor (aFGF of FGF-l), basic 
fibroblast growth factor (bFGF or FGF2), leukemia inhibitory factor (LIF), platelet-derived 
growth factor (PDGF), ciliary neurotrophic factor (CNTF), neurotrophin-3, neurotrophin-4, 
amphiregulin, and Notch antagonists. As used herein "neural cells" refer to cells that 
exhibit essential fimctions of neurons, and glial cells (astrocytes and oligodendrocytes). 
Preferred neural cells express at least one neural cell specific marker such as ANA/BTG3, 
Neuronal Growth-Inhibitory Factor (GIF/TIEG), survival motor neuron gene (SMNl), 
nestin, neuron specific enolase (NSE), neurofilament-M (NF-M), beta-tubulin, C-type 
natriuretic peptide (CNP), glutamic acid decarboxylase (GAD), tau, microtubule-associated 
protein 2a and b (MAP2), neurogenin, neuron specific nuclear protein (Neu N), a Hu 
protein (A, B, C, D), glial fibrillary acid protein (GFAP), oligodendrocyte marker 4 (04), 
galactocerebroside (GalC), or myelin basic protein (MBP). These cells could be used as a 
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part of a therapy for patients suffering from a deficiency or loss of function of neural cells. 
Additionally, such cells could be used as gene delivery devices in gene therapy. 

Hematopoietic stem cells isolated by the methods of the invention can be 
differentiated into muscle cells under appropriate conditions and for a sufficient period of 
time. As used herein the term "muscle cell differentiation promoting conditions" means 
culturing hematopoietic stem cells until the desired phenotype emerges. For example, 
HSCs may be cultured in media that include a muscle cell differentiation factor such as 
transfomiing growth factor-beta (TGF-beta), bone morphogenic protein 2 (BMP-2) or 
BMP-4 in concentrations ranging from about 0.1 to 10,000 ng/mL or from about 10-100 
ng/ml. As used herein, the term "muscle cell" is intended to encompass a cell of muscle 
tissue. In striated (skeletal) muscle a muscle cell comprises a syncytium formed by the 
fusion of embryonic myoblasts, in cardiac muscle a muscle cell is linked to the others by 
specialized junctional complexes (intercalated discs), in smooth muscle a muscle cell is a 
single cell with large amounts of actin and myosin capable of contracting to a small fraction 
of its resting length. Preferred muscle cells express at least one muscle cell specific marker 
such as the myocyte enhancer factor-2 (MEF-2) family of transcription factors, nebulin 
related anchoring protein (NRAP), cardiac myosin, -sarcomeric actin, desmin, connexin-43, 
N-cadherin, cardiac transcription factor-4 (GATA-4), GATA-5, nestin.or myoglobin. 
These cells could be used as a part of a therapy for patients suffering from a deficiency or 
loss of function of muscle cells. Additionally, such cells could be used as gene delivery 
devices in gene therapy. 

To monitor the differentiation of HSCs to non-hematopoietic cell types, cells are 
incubated in culture after being isolated from their source, such as a donor or patient. 
During the incubation period, one may compare and quantify the profile of genes expressed 
in such cells with the profile of genes differentially expressed in CD34VCD38"/Lin" 
substantially enriched stem cell population. As the HSCs differentiate to non- 
hematopoietic cell types, HSCs should lose the gene expression pattern of HSCs and 
acquire the gene expression patterns of the differentiated cell type. Thus, as HSCs 
differentiate to muscle or neural cells, the cells should express the genes that encode the 
muscle- or neural cell-specific markers, respectively. 

The hematopoietic stem cell substantially enriched populations obtained using the 
methods of the invention may also be used to isolate and evaluate factors associated with 
the maintaining and regulating the "stemness" of human hematopoietic stem cells. The cell 
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preparations may also be used to determine the effect of a substance on the ability for self- 
renewal and the ability to generate daughter cells of any hematopoietic hneage. 

The invention now being generally described, it will be more readily understood by 
reference to the following examples, which are included merely for purposes of illustration 
of certain aspects and embodiments of the present invention, and are not intended to limit 
the invention. 

Exemplification 

Example 1: Isolation ofCD34^/CD3Sr/Lin and CD34VrCD38/Lin1^ cell Dopulations 
Materials and Methods 

Cryopreserved human CB CD34^ cells were piu"chased from AllCells (Berkeley, 
CA). Cryopreserved human cadavaric BM and PBSC CD34^ cells from normal adult 
donors were obtained from the National Heart, Lung, and Blood Institute Program of 
Excellence in Gene Therapy, Hematopoietic Cell Processing Core (Fred Hutchison Cancer 
Center, Seattle, WA). Each BM sample was a pool of cells from two donors. One PBSC 
sample was a pool of five donors, the other a pool of three donors. The CB sample was a 
pool from >80 donors. Previous results in our laboratory have shown that an outlier in gene 
expression occurs at a frequency of less than 1 in 10 - 12 normal donors. Therefore, 
duplicate samples consisting of multiple donor pools were used to minimize the possibility 
that a rare outlier would affect the differential gene expression results. All human cells had 
been obtained with informed consent under institutional review board-approved protocols 
and were provided without data identifying the donors. 

5x10^ frozen total CD34'^ cells v/ere thawed and viable cells obtained by Ficoll- 
Hypaque density gradient centrifiigation, resulting in 1.8-2.8x10^ viable cells per sample. 
Viable cells were then stained with phycoerythrin (PE)-conjugated anti-human CD34 
monoclonal antibody (Mab) and a cocktail of FITC-conjugated Mabs specific for human 
CD38 and the following lineage (Lin) markers: CDS (T lymphoid cells), CDS (T lymphoid 
cells), CDIO (lymphoid progenitor cells), CD 13 (mature and progenitor-precursor 
macrophage/monocytic and granulocytic cells), CD14 (monocyte/macrophages), CD16 
(granulocytes, NK cells, monocyte/macrophages), CD 19 (mature and early B lymphoid 
cells), CD33 (mature and progenitor-precursor macrophage/monocytic and granulocytic 
cells) , CD41a (mature and progenitor-precursor platelets, megakaryocytic cells), CD45RA 
(B lymphoid cells, some T lymphoid cells, some mono/granulocytic progenitor-precursor 
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cells), CD66B (granulocytic cells), CD71 (erythroid progenitor-precursor cells, activated 
lymphoid cells), and CD235a (glycophorin A; mature and precursor erythroid cells). All 
Mabs were purchased jfrom BD Biosciences-Pharmingen (San Diego, CA) except CD13 
(Dako, Denmark). Cells were isolated by fluorescence-activated cell sorting (FACS) using 
a FACSVantage flow cytometer (Becton-Dickinson, Franklin Lakes, NJ). 

Results 

1.8-2.8 xlO^ viable CD34'^ cells per sample were FACS-sorted. The average RNA 
content (--1.5 pg/cell) of both CD34^/CD38'/Lin" and CD34V[CD38/Lin]'^ cells dictated a 
requirement for -10^ FACS-sorted cells per subpopulation to yield sufficient RNA for 
transcriptome analysis. Therefore, for these experiments, the 5-10% of cells with the 
lowest and the highest intensity of FITC fluorescence (corresponding to expression of the 
CD38/Lin marker cocktail) were sorted by FACS as the CD34''/CD387Lin' (HSC-enriched) 
and CD34''/[CD38/Lin]^ (HPC-enriched, HSC-depleted) cell preparations, respectively. 
This resulted in 8% of the cells from CB (a single FACS sort), 8.5% from BM (average of 
two sorts), and 9% from PBSC (average of two sorts) being isolated as the CD34'^/CD38" 
/Lin and CD34V[CD38/Lin]'~^ cell populations. CB cells yielded 2 \ig RNA for the 
CD34''/CD387Lin and 2.3 ^g for the CD34'*'/[CD38/Lin]'^ cells; BM (average of two 
samples) 1.6 \ig and 1.6 \ig, and PBSC (average of two samples) 1.5 ^g and 1.1 ^g, 
respectively. FACS re-analyses of the starting CD34'^ cells and the FACS-sorted cells 
(shown for one of the FACS sorts for each tissue in Figure SI) demonstrated that the 
purified cell populations were highly enriched for the specified phenotypes. 

Example 2: Purification of total RNA 
Materials and Methods 

After FACS, cells were pelleted by centrifligation at 800xg in RNase-free, 1.5 ml 
siliconized microcentrifuge tubes (Ambion, Austin, TX). Pellets were disrupted by 
vigorous pipeting in 100 ^1 Trizol Reagent (Invitrogen, Carlsbad, CA) per 106 cells. This 
solution was transferred to 1.5 ml PhaseLoc-Heavy tubes (Eppendorf, Hambiurg, Gennany), 
20 \il chloroform was added per 100 \i\ Trizol, and the tubes were centrifiiged at maximum 
speed (~20,000xg) in a microcentrifuge. The aqueous phase containing RNA was removed 
and further purified using the RNeasy Mini-Kit (Qiagen, Valencia, CA) following the 
manufacturer's "RNA Clean-up" protocol with the optional "On-column DNase 
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Treatment"; the only modification to the Qiagen protocols was that numbers of washes for 
all washing steps were doubled. 

Example 3: Analysis ofeene expression: Microarrav analysis ofBM, CB. andPBSC 
Materials and Methods 

Five hundred ng total RNA fi^om each sample was double linear amplified with the 
ENZO BioArray High Yield RNA Transcript Labeling Kit and the GeneChip Eukaryotic 
Small Sample Target Labeling Assay, Version E protocol (Affymetrix, Santa Clara, CA) to 
produce target for hybridization to Afiymetrix U133 chips. Although 2x linear 
amphfication of RNA is a commonly used and reliable method, we tested the fidelity of the 
method in preserving relative gene expression levels. RNA iBrom total CD3A^ PBSC cells 
was compared to a reference RNA prepared firom a control cell line. Five of each RNA 
was tested after standard Ix amplification, and 500 ng of each was tested after 2x 
amplification, by hybridization to the U133A chip. Fold change comparisons of each 
condition were then performed with Genespring 5.0.2 software (Silicon Genetics, Redwood 
City, CA). While there were minor changes in the absolute magnitude of change for a 
small number of genes, the directionality of change was different in <0.001% of the -4,000 
transcripts scored as present. 

BM and PBSC samples were tested in biologic duplicate (i.e., samples from two 
different donor pools). The CB sample was tested in technical duplicate (i.e., same RNA 
donor pool analyzed twice). Initial quality assessments of duplicate samples were analyzed 
using Afiymetrix MAS 5.0 software. In addition to the intemal chip normalizations 
performed with Affymetrix chips, the U133 chips contain a set of 100 normahzation genes 
(probe sets 200,000-200,099), which have been shown to be stably expressed across many 
different cell types; these normalization genes were used for additional normalization of all 
samples. Genespring 5.0.2 software was used for statistical analysis of differential 
transcript expression. In addition to the parametric statistical measures of gene expression 
provided by GeneSpring 5.0.2 and Affymetrix MAS 5.0, we used the nonparametric 
Hypothesis-based Analysis of Microarrays (HAM) method as a secondary filter appMed to 
the experiment in the selection of over-represented genes.(Kowalski et al., (2004) 
Bioinfonnatics in press and Kowalski et al (2004) Bioinformatics in press). Filemaker Pro 
6.0 software (Filemaker he, Santa Clara, CA) was used to build a gene expression 
database, to compare gene expression patterns, and to classify genes by fimctional category. 
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Gene/transcript annotation data was obtained by query of the Unigene 
(www.ncbi.nlm.nih.gov/UniGene/), Locus Link (www.ncbi.nlm.nih.gov/LocusLink/), On- 
line Mendalian Inheritance in Man (OMIM, www.ncbi.nlm.nih.gov/omim/), and KEGG 
molecular pathway information (www.genome.ad.jp/kegg/kegg2.html) databases (Kaneliisa 
et al., (2002) Nucleic Acids Res., 30:42-46). Percent identity between cell populations was 
calculated by the formula: Shared genes in population A and B (and C)/A11 genes expressed 
by population A or B (or C). 
Results 

The transcriptome of CD34^/CD38'/Lin' cells by oligonucleotide microarray analysis 

The oligonucleotide microarray gene expression results for each of the three tissues 
were filtered with MAS 5.0 software to select only those genes scored as "Present" in the 
CD34'*"/CD38"/Lin" populations. 11849 transcripts were expressed by at least one of three 
HSC populations. 6366 transcripts were detected in the CD34VCD38'/Lin' population from 
BM, 11075 from CB, and 6669 from PBSC (Figure lA). 4746 of these genes were 
expressed in the CD34VCD387Lin' population of all three tissues; this group included 2943 
transcripts of known fimction, 1310 uncharacterized transcripts or ESTs, and 493 predicted 
transcripts. At the global gene expression level, the BM and CB populations share 50.4% 
identity, CB and PBSC share 54.9% identity, BM and PBSC share 59.7% identity. Overall 
the three populations share 40.1% identity at the level of transcriptome phenotype. 
Microarray analysis of the HSC-enriched (CD34^/CD38^/Lin) transcriptome compared 
to the HPC-enriched CD3^!:^/[CD38/LinJ^ transcriptome 

For each of the three tissues, differential expression lists of the microarray results 
were generated, using GeneSpring 5.0.2 software, of transcripts that were >2-fold 
differentially expressed and met the 90% confidence level, by Student's T-test, as 
significantly different in the CD34"*"/CD387Lin' HSC cell-enriched population, as compared 
to the CD34V[CD38/Lin]'*^ HPC-enriched cell population from the same tissue (Figures 2A 
and 3 A). The CD34VCD38"/Lin" population from BM over-expressed 11 90 transcripts and 
under-expressed 1159 transcripts, that from CB over-expressed 889 and under-expressed 
939 transcripts, and that from PBSC over-expressed 506 and under-expressed 519 
transcripts. Intersecting these results for all three tissues yielded 87 AfFymetrix probe sets 
(representing 81 genes) comparatively over-represented (Table 1) and 95 Affymetrix probe 
sets (representing 90 genes) under-represented (Table 2) in the CD34'*^/CD38"/Lin" HSC- 
enriched compared to the C34"*^/[CD38/Lin]^ HPC-enriched population. These genes were 
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also independentiy selected by the nonpaxametric, HAM method. Functional annotation of 
the HSC-over-represented genes (Figure 2B) yielded 50 genes of known/predicted function 
and 30 genes of unknown function (including 12 ESTs and 7 predicted proteins). 
Annotation of the HSC-under-represented gaies yielded 59 genes of known function and 31 
gaies of unknown function (including 15 ESTs and 8 predicted proteins) (Figure 3B). 

Example 4: Analysis of sene expres sion : SAGE of BM HSC-enriched and HPC- 
enriched populations. 
Materials and Methods 

Eight hundred ng total RNA from the BM HSC-enriched and HPC-enriched 
populations was analyzed by Micro-SAGE. Micro-SAGE was carried out with the iSAGE 
kit (Invitrogen, Carlsbad, CA), modified to follow the Micro-SAGE protocol (Datson et al, 
(1999) Nucleic Acid Res., 27:1300-1307). Sequencing of SAGE 10-mer tags of 2304 
clones from each library was carried out by Agencourt Bioscience Corporation (Beverly, 
MA). SAGE tags were enumerated, annotated (with both the Reliable- and Full-SAGE tag 
mappings - see www.sagenet.org for a full description of these methods), and normalized 
with SAGE 2000 version 4.5 software (Invitrogen). Filemaker Pro 6.0 was used to build a 
gene expression data base from the tag data. Transcripts with a SAGE tag count of 1 were 
excluded from analysis, since erroneous tag sequences can be generated by sequencing 
errors, at a rate of ~1 per 500 tags. Since the odds of having ^.vo identical erroneous tags 
detected is ~1 per 100,000 tags, we considered any gene expressed at >2 tags to be 
"Present" by SAGE. There is no consensus statistical method (Man et al., (2000) 
Bioinformatics 16:953-959; Becquet et al., (2002) Genome Biol., 3:RESEARCH0067; 
Ruijter et al., (2002) Physiol Genomics., 11:37-44; van Ruissen et al, (2002) Faseb J., 
16:246-248) for addressing significant differences of expression between SAGE libraries; 
we chose the metliod of Man et al ((2000) Bioinformatics 16:953-959) to calculate P-values 
for expression differences between the libraries. 

Results 

The BM populations showed the greatest differences in gene expression between the 
HSC- and HPC-enriched populations. Therefore, this population was chosen for SAGE. 
84,107 tags were detected from the HSC population library, and 87,416 tags from the HFC 
population library. Herein, we focused on only the genes identified as HSC-over-expiessed 
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genes by the microarray analyses. SAGE produced tags for 65 of the 81 transcripts which 
were over-expressed in HSCs by microarray analysis (Table 1). SAGE confirmed over- 
expression of 61 (94%) of these 65 genes found over-expressed by the HSC population. 
For 4 (6%) transcripts, SAGE showed similar expression in the HSC versus HPC 
population. SAGE did not detect non-redundant tags for 16 (20%) of the 81 transcripts 
(Table 1), making it impossible to determine expression of these transcripts by SAGE. 

Overall, SAGE identified 10,078 transcripts expressed by BM HSC-enriched cells, 
about 58% more transcripts than the 6366 detected by microarray analysis. In addition, 
2916 transcripts were over-expressed at least 2-fold in the BM HSC-enriched population by 
SAGE, compared to the 1190 transcripts identified as HSC-over-expressed by microarray 
analysis. Of these HSC-over-expressed transcripts identified by SAGE, 2008 were detected 
exclusively in the HSC population (i.e., they were completely absent in the HPC-enriched 
population). 646 tags detected by SAGE as expressed in HSCs, did not map to any known 
transcript or EST; of these, 408 tags were over-expressed in HSCs, and 238 of these 408 
tags were detected exclusively in the HSC-enriched population (i.e., not detected in HPCs). 

Example 5: Confirmation of sene expression 
Materials and Methods 

RNA sequences for differentially expressed transcripts were downloaded fi*om 
GeneBank (www.ncbi.nlm.nih.gov/Genbank/). Multiple PCR primers for each transcript 
were designed with Primer 3.0 (Whitehead Institute, Massachusetts Institute of Teclinology, 
Boston, MA, www-genome.wi.mit.edu/cgi-bin/primer/primer3_www.cgi), and tested 
against a two-fold dilution series of test sample prepared by mixing cDNA firom unsorted 
CD34^ cells from BM, CB, and PBSC. We had previously determined that B-actin is an 
optimal normalization gene for calibration of qRT-PCR results among different 0034**" cell 
populations. Two-step RT-PCR was carried out by first producing cDNA with a modified 
version of the Super-SMART PCR cDNA Kit (Clontech, Palo Alto, CA). Second, qRT- 
PCR was carried out on a Bio-Rad iCycler (Bio-Rad, Hercules, CA) with iQ SYBR-green 
Supermix (Bio-Rad, Hercules, CA). Only primer sets that produced a single product band 
(as shown by both agarose gel and melt-curve analysis) and that resulted in doubling 
efficiencies of nearly 100% were used for fiirther analyses. This was imperative since the - 
AACt method (Livak et al., (2001) Methods 25:402-408) was used to calculated fold- 
difference in gene expression. 
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Results 

Twenty-nine genes were chosen fbom the list of microarray HSC-over-represented 
(Table 1) and 19 genes from the list of HSC-under-represented (Table 2) genes for 
confirmation of fold-difference by relative qRT-PCR. Transcripts were chosen to cover the 
entire observed range of fold-differences, from 2-fold to the maximum of 60-fold. 
Expression levels of these 48 transcripts were tested in HSC- and HPC-enriched 
populations from all three tissues, for a total of 144 independent qPCR tests. 141 of these 
144 qRT-PCR assays confirmed the observed differential expression in the CD34*/CD38" 
/Lin" HSC-enriched compared to the CD34V[CD38/Lin]^ HPC-enriched cell population; 
there were only 3 transcripts where differential expression by microarray was not confirmed 
by qRT-PCR for all three tissues (Figure 5A and B). In each of these three cases, the 
analyses disagreed in only one tissue of the three tissues (and even in this one tissue, there 
was a difference in gene expression, but it did not meet the arbitrary two-fold cutoff). 
Therefore, an exceptional level of 98% qRT-PCR confirmation was achieved for 
microanay results in this study. Indeed, the magnitude of fold difference detected by qRT- 
PCR tended to be greater than those found by the microarrays for several of genes (e.g., 
CRPBP, LAGY, EDM, HTM4), most hkely due to greater sensitivity of PCR, and agreed 
very closely for most others (e.g., CD52, HERMES, HLF, FKSG14). 

By comparing the gene expression profiles of the purified CD34VCD387Lin' cell 
population to that of the CD34V[CD38/Lin]^ population from each of these three tissues, 
and then determining the genes identified as differentially expressed by the HSC in all three 
tissues ("Intersection Analysis"), we were able to focus more clearly on genes likely to be 
involved in HSC versus HPC fimction; i.e., since all three tissue populations contain HSCs 
which engraft after BMT, those transcripts differentiaUy expressed in the HSC-enriched 
populations from all three tissues should include all transcripts vital to HSCs, while those 
genes expressed only in one tissue type, as well as those due to differences in the 
heterogeneous makeup of the CD34VCD387Lin- population, would tend to be filtered out. 

Intersection analysis identified 4746 transcripts expressed by the HSC-eoriched 
populations from all three tissues (Figure lA). These genes encoded transcription factors, 
signaling/receptor proteins, and other molecules with known fimctions. In concordance 
with the observations of other stem cell studies (TerskiMi et al., (2001) Proc Natl. Acad. 
Sci. U.S.A., 98:7934-7939; Akashi et al., (2003) Blood, 101:383-389; Park et al.. (2002) 
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Blood, 99:488-498, Ramalho-Santos et al., (2002) Science 298:597-600; Ivanova et al., 
(2992) Science 298:601-604; Zhou et al, (2001) Proc, Natl Acad. Sci, 98:13966-13971), a 
plurality of the HSC-expressed genes had unknown function, were ESTs, or encoded 
hypothetical proteins. 

Our hst of genes expressed in CD34'^/CD387Lin cells includes a number of genes 
previously shown to be involved in hematopoiesis (e.g., KIT, FLT3, GATA-2, GATA-3, 
p27, HoxA5, HoxA9), as well as markers for HSCs (e.g., CD34, MDR2). Many genes 
known (or expected) to be expressed only by HPCs or more mature blood or immune cells 
(e.g., myeloperoxidase, CD38) are not present in this HSC list, but are detected in the HPC 
population. These indicate stringent purity of the HSC and HPC populations which we 
examined, as suggested by the flow cytometric re-analysis of the purified cell populations 
(Figure 4). Genes expressed by only one population, and many of those expressed by two 
populations, should fall within the following categories: (1) genes expressed due to tissue 
specific micro-environment, (2) genes expressed because of different proportions of HSCs 
to non-HSCs (i.e., very early progenitor) cells within the CD34"*'/CD387Lin' population, or 
(3) genes falsely scored positive by the Affymetrix chip system. Intersection Analysis is 
designed to exclude all of these conditions. We generated lists of genes that were 
differentially expressed (with a statistically significant two-fold change) in the microarray 
analyses of the CD34VCD3S7Lin' versus the CD34V[CD38/Lin]"*^ population. 
Approximately 2359 genes (1190 over- and 1159 under-expressed) were differentially 
expressed by BM, 1828 genes (889 over- and 939 under-expressed) by CB, and 1124 genes 
(605 over- and 519 under-expressed) by PBSC CD34"'/CD38'/Lin cells. In contrast to 
these large numbers of differentially expressed genes in any single tissue, only 81 genes 
were over-represented (Fig 2A, Table 1) and 90 genes were under-represented in the 
"intersection" (Fig 3A, Table 2) of HSC-enriched populations. qRT-PCR showed a 98% 
confirmation rate for a representative sample of the over- and under-expressed transcripts 
(Figure 5). In addition, SAGE analysis of the BM HSC versus HPC populations yielded 
non-redundant tags for 65 of the microarray-over-expressed transcripts, and HSC-over- 
expression was confirmed for 61 (94%) of these genes (Table 1). These qRT-PCR and 
SAGE results provide extremely high confirmation rates for our microarray gene 
expression analyses, indicating that the Intersection Analysis was highly selective for 
identifying actual differentially expressed genes and for filtering out false positives. 
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Terskikh et al ((2001) Proc. Natl. Acad. Sci. U.S.A., 98:7934-7939) and Akashi et al 
((2003) Blood, 101:383-389) showed that "hematopoietic" genes expressed by mouse HSCs 
diminish during differentiation to early and late HPCs. which begin to express lineage- 
specific genes. Our data with human HSC- and HPC-enriched populations tend to confirm 
this finding for the equivalent human genes, e.g., HoxA5, HoxA9, Bmi-1, RER, Tyk2, 
JAMl. API-1 and API-2, although a number of these genes were not differentially 
expressed (at >2-fold between the HSC and HPC populations) in all three tissues. 

A current theory to explain the multipotent, and possible trans-differentiation 
potential of stem cells is that they exist in an open epigenetic state; this would allows the 
stem cell to develop toward any lineage by transcriptional upregulation of any lineage- 
specific set of genes without chromatin remodeling. Gene silencing would occur in 
maturing cells, resulting in a more restricted transcriptome. Akashi et al ((2003) Blood, 
101:383-389) suggest that HSCs have an open chromatin structure, since they appear to 
weakly express a number of genes normally associated with non-hematopoietic cell types. 
Our overall expression data (Figure lA), support this theory, since a number of "non- 
hematopoietic" genes are detected, e.g., neuronal-associated genes ANA/BTG3, GIF/TEEG, 
and SMNl; endothelial-associated genes ANG-1 and PROCR/EPCR; liver-associated genes 
CYP2C38, CPTl, and aldo-keto reductase 1; and muscle-associated genes MEF2 and 
NRAP. Furthermore, in our results, fetal CB HSCs (hypothesized to be more a more 
primitive population tlian adult BM or PBSC HSCs) expressed many more genes than adult 
BM or PBSC HSCs. 

The HSC population over-expressed a number of known genes which may be 
involved in the seminal characteristics of the stem cell. Krupple-like Factors 2 and 4 
(KLF2 and KLF4), are thought to be regulators of cellular quiescence, maintenance, and 
cell cycle arrest. (Wani et al., (1999) J Biol Chem., TlA.ll 180-21 185; Kuo et al., (1997) 
Science. 277: 1986-1990; Schober et al., (1999) J Immunol., 163: 3662-3667; Glynne et al., 
(2000) Immunol Rev., 176: 216-246; Zhang et al, (2000) J Biol Chem., 275: 18391-18398; 
Dang et al., (2003) Oncogene, 22: 3424-3430; Shie et al., (2000) Nucleic Acids Res, 28: 
2969-2976; Chen et al., (2001) J Biol Chem., 276: 30423-30428; Chen et al., (2003) J Mol 
Biol., 326: 665-677). 

CEBPB has been shown to control the repression of a number of cytokines in 
immune cells (Rosati et al.. (2001) J Immimoi, 167: 1654-1662), and is involved in cell 
survival and tumorigenesis associated with the RAS oncogene (Zhu et al., (2002) Proc Natl 
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Acad Sci USA, 99: 207-212). The Hepatic Leukemia Factor (HLF) gene (PPHN in the 
mouse) is a bZDP transcription factor of unknown function (Hunger et al., (1992) Genes 
Dev., 6: 1608-1620) that is a fusion partner with the E2A gene in a subset of human B 
precursor acute lymphoblastic leukemia cases with chromosomal translocation t(17;19) 
(Honda et al, (1999) Blood, 93: 2780-2790 and Smith et al., (1999) Mol Cell Biol, 19: 
4443-4451). 

Two recently annotated genes may also play roles in self-renewal by limiting the 
effects of growth factor directed differentiation. HOP (homeodomain only protein) is a 
putative negative-regulator of genes normally expressed due to serum response factor 
(SRF) (Chen et al, (2002) Cell, 110: 713-723). hIAN2 (human immune-associated 
nucleotide 2 protein) is a putative control protein of GDP/GTP signahng proteins (Cambot 
et al, (2002) Blood, 99: 3293-3301). GATA-3 is a zinc-finger transcription factor (Ho et 
al, (19991) EMBO J., 10: 1187-1192) that is expressed in a number of embryonic tissues 
(Ko et al., (1991) Mol Cell BioL, 11: 2778-2784 and George et al., (1994) Development, 
120: 2673-2686). One function in later cells is regulating development of T cells.(]VIarine 
et al., (1991) Proc Natl Acad Sci USA,, 88: 7284-7288 and Glimcher et al., (2000) Genes 
Dev,, 14: 1693-1711) 

We found two HOX genes (Balavoine et al, (2002) Mol Phylogenet EvoL, 24: 366- 
373 and Prince (2002) Dev BioU 249: 1-15, 2002) over-expressed. HoxA3 is involved in 
formation of the nervous system (Chisaka et al., {\99\) Nature, 350: 473-479 and Watari et 
al., (2001) Dev BioL, 240: 15-31), pharyngeal glandular organs (Manley et al., (1998) Dev 
Biol, 195: 1-15), and thymic epithelial cells (Su et al., (2000) JlmmwioL, 164: 5753-5760), 
but has not been studied in hematopoiesis. HoxB6 is expressed in HSPCs (Shen et al., 
(1992) EMBO J., 11: 983-989; MagH et al., (1997) / Cell PhysioL, 173: 168-177 and 
Sauvageau et al., (1994) Proc Natl Acad Sci U S A, 91: 12223-12227), is involved in 
differentiation of the granulocytic lineage (Giampaolo et al., (2002) Leukemia, 16: 1293- 
1301), and may suppress development of erythroid progenitors (Kappen (2000) Ain J 
HematoL, 65: 111-118). Also, Hematopoietic Pbx-interacting protein (HPIP) has been 
shown to interact with, and presumably regulates fiinction of, all PBX family members. 
(Abramovich et al., (2000) J Biol Chem,, 275: 26172-26177 and Hunger et aL, (1996) 
Blood, 87: 121 1-1224.). Myelodysplastic Syndrome Gene 1 (MDSl) is fused to the AMLl 
gene in some cases of treatment-related myelodysplastic syndrome. This fusion gene 
decreases contact inhibition of cells, and increases tumorigenicity and the ability of cells to 
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grow in suspension culture. (Zent et al., (1996) Proc Natl Acad Sci USA., 93: 1044-1048). 
Evidence is rapidly accumulating to support the role of histones in gene expression and 
gene silencing, as well as, in control of cell fate (Chen et al., (2000) Proc Natl Acad Sci US 
A., 97: 377-382; Hampsey (1997) Trends Genet., 13: 427-429 and Turner (1991) J. Cell 
Sci., 99(Ptl).13-20). NRIP1/RIP140 is a co-regulator of a number of hormone receptors, 
(Wu et al., (1996) Mol. Cell Biol., 16: 4128-4136 and Xue et al., (1996) Mol. Cell Biol., 16: 
1567-1575), fimctioning as a negative regulator of nuclear receptors through recruitment of 
histone deacetylases (Treuter et al.. (1998) Mol. Endocrinol, 12:864-881). Possibly, 
histone deacetylase recruitment by RIP140 might regulate gene expression within HSCs. 
RBPMS/HERMES, an RNA-processing protein , may play a role in the epigenetic state by 
editing RNA to express various splice variants, or by interacting with the siRNA 
mechanism to influence gene expression. 

In addition to confirming the microarray results, our analysis to date of the SAGE 
results revealed three additional interesting findings. First, SAGE detected 10,078 
transcripts expressed in the HSC-enriched population compared to 6366 detected by 
microarray analysis. Thus, as many as -30% of the genes expressed by the HSC-enriched 
population were not detected by microarray, most likely due to low copy number or high 
probe set background (the latter would cause the MAS 5.0 software to make an "Absent" 
call for that particular transcript). We scored a transcript tag as "Present" only if it occurred 
at a frequency of two tags or greater. Although unlikely, it is possible that a small number 
of transcripts are false positives due to sequencing errors during tag detection, hi addition, 
it is possible that a small percentage of the detected tags identity splice variants of the same 
gene. 2008 of the transcripts identified by SAGE were expressed exclusively within the 
HSC population (not detected in HPCs), many times more transcripts than were exclusively 
expressed within the HPC-emiched population. This finding fiirther strengthens the 
observations of Terskikh et al (7) and Akashi et al (9) that the number of genes expressed 
by HSCs decreases as the cells differentiate and that HSCs maintain an open chromatin 
structure. This considerable number of additional transcripts beyond those identified by the 
microarrays may be involved in HSC biology. 

We found 646 tags expressed by the HSC-enriched population which did not 
correspond to any known gene or EST. This suggests that cells within the HSC population 
express a large number of completely novel transcripts, -6% of all the transcripts which 
they expressed. One caveat to these numbers is that some of the unidentified tags may 
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identify the same transcript, although the number of transcripts with multiple tags would be 
expected to comprise only a small percentage of the tags detected. 

Genes found to be differentially over-expressed by independent laboratories should 
be the highest priority candidate genes to further "audition for" key roles in HSC biology. 
To illustrate, we performed a limited meta-analysis of microarray results (Rhodes et al, 
(2002) Cancer Res., 62:4427-4433 and Khan et al., (1999) Biochwh Biophys. Acta, 
1 423 :M1 7-28). We compared the list of 81 genes over-represented in our human 
CD34VCD38"/Lin cells to the reported findings for HSC-enriched populations in two 
recent studies which examined the transcriptomes of several types of stem cells, including 
mouse BM Kit+Lin-Sca-1+ SP HSPCs and human CD34'*"/CD38^/Lin' fetal-liver HSPCs, 
mouse Kit'*"Lin"Sca-l"*'AA4.1^ fetal-liver HSPC, and mouse Kif*"Lin"Sca-l''Rhodaminelo 
BM HSPC (Ivanova et al., (2002) Science, 298:601-604 and Ramalho-Santos et al, (2002) 
Science^ 298:597-600). Only the transcription factor GATA3 was over-represented in all 
four datasets. Three transcription factors (HLF, MDSl, and CEBPB), one RNA-processing 
protein (RBPMS/HERMES), and one cell surface receptor (MPL/CDllO) were found in 
our own results plus two of the other data sets (Table 3). Two major problems limited the 
power of this comparison: First, at the time of this analysis 35 of the 81 genes which were 
over-represented in our study do not have a homologous mouse Unigene cluster; this made 
meta-comparison of these 35 genes to the mouse data impossible. Second, the Ivanova et al 
((2002) Science, 298:601-604) human HSC dataset presented expression results for only 
822 human-mouse homologous gene pairs. 

Recently, it has been proposed that cancer is a stem cell disease (Larochelle et aL, 
(1996) Nat Pled., 2:1329-1337; Lapidot et al., (1994) Nature, 367:645-648; Lapidot et al., 
(1996) Blood, 88:2655-2664 83; Reya et ah, (2001) Nature, 414:105-111; Hemmati et al., 
{2003) Proc Natl Acad Sci USA., 100:15178-15183; Al-Hajj et al, (2003) Proc Nail Acad 
Set USA,, 100:3983-3988 and Bonnet (2001) Rev. Clin, Exp, HematoL, 5:42-61). Most 
cancers may arise from self-renewing stem cells. Alternatively, cancer cells may 
mutationally gain certain characteristics of stem cells, particularly the abilities to self-renew 
and give rise to large numbers of differentiated progeny. A number of the genes identified 
in this study have already been implicated in hematologic malignancies; CDllO/MPL is a 
good example. Over-expression of CDllO has been demonstrated to fanmortalize HSPCs. 
Presumably, some of the other over-expressed genes, including the known and the newly 
identified genes maybe be involved in carcinogenesis, especially leukemogenesis. A 
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number of studies have shown that at least some cancers are stem cell diseases. Hemmati et 
al (REF) found a sub-population of brain tumor cells that both resemble neural stem cells, 
and that exclusively are able to give rise to further tumors. Al-Hajj et al ((2003) Proc Natl 
Acad Sci U S A,, 100:3983-3988) describe similar findings in breast tumors, in that a 
protein-expression defined sub-set of tumor "stem" cells were the only cells able to 
reconstitute the tumor. Finally a number of studies have shown that leukemias arise from 
cells with HSC characteristics (Larochelle et al., (1996) Nat Med,, 2:1329-1337; Lapidot et 
al., (1994) Nature, 367: 645-648; Lapidot et al., (1996) Blood, 88:2655-2664 83 and 
Bonnet (2001) Rev, Clin, Exp, Hematol, 5:42-61). Thus, identification of the full spectrum 
of genes involved in the biology of the HSC is critically important for the study of leukemia 
and likely other cancers. Our rigorous examination of the transcriptomes of HSCs fi-om all 
three of the major hematopoietic tissue sources should lead to identification of novel target 
genes involved in the development of hematopoietic and other maUgnancies. 
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Table 1. Genes over- represented in the CD34'^/CD38"/Lin' population from all three 
tissues (BM, CB, PBSC) 



Common Name(s)^ 




Fold Chanae 




UniGene^ 


Known/(Drobable) Function 




BM 














SAGE^ 


BM 


CB 


PBSC 






AD036 mRNA 


ND 


3.49 


2.29 


4.19 


(AF260333.1) 


Unknown 


ARG2 


3.0 


3.73 


2.46 


2.01 


Hs. 172851 


Nitric oxide and polyamine metabolism 


BIRC3 


2.0 


2.39 


3.45 


2.17 


Hs. 127799 


Inibitor of Apoptosis 


BST2 


2.3 


8.88 


3.92 


3.36 


Hs. 118110 


(growth and development of B-cell) 


CD37 


2.3 


5.10 


2.64 


2.42 


Hs. 153053 


(signal transduction, T-cell-B-cell interactions ) 


CD52* 


I.O 


25.10 


4.28 


2.88 


Hs.276770 


Unknown 


cDNA DKFZp434Ci915* 


ND 


10.56 


3.32 


4.85 


Hs.46531 


Unknown 


cDNA DKFZp434GOI2* 


ND 


13.65 


2.33 


3.38 


Hs.303154 


Unknown 


cDNA DKFZp564E227* 


ND 


4.29 


2.06 


2.83 


(AL136693.1) 


Unknown 


cDNA DKFZp564F053* 


3.5 


4.29 


2.01 


2.05 


Hs.71968 


Unknown 


cDNA DKFZp586J0323* 


HSC 


7.14 


4.83 


2.73 


Hs. 1 02301 


Unknown 


cDNA FLJ 14054* 


3.0 


3.30 


4.78 


2-31 


Hs.13528 


Unknown 


cDNA FLJ20378* 


HSC 


3.55 


1.76 


2.03 


Hs. 1 36252 


Unknown 


cDNA FU21472. 


ND 


4.41 


2.31 


2.17 


Hs, 182738 


Unknown 


KIAA1939* 














CDNAFLJ22690* 


HSC 


11.68 


2-09 


2.71 


Hs. 105468 


Unknown 


cDNA FLJ40058* 


ND 


2.84 


1.70 


2.72 


Hs.376041 


Unknown 


CEBPB 


HSC 


2.25 


2.05 


2.38 


Hs.99029 


transcription factor with bZIP-dbmain 


CIS2, SOCS-2* 


2.4 


7.55 


3.14 


2.35 


Hs.351744 


(regulation of insulin-like growth factor-1 receptor 














(^IGFIR) mediated cell signaling) 


CLECSF2* 


2.3 


2.53 


2-16 


2.07 


Hs.85201 


Unknown 


C0X6B 


4.5 


8.28 


2.37 


2.63 


Hs. 174031 


Subunit VJb of cytochrome c oxidase 


CRFBP, CRF-BP* 


12.0 


34.62 


9.85 


3.96 


Hs.n56l7 


binds to CRH in plasma and inhibits stimulation of 














pituitary adrenocorticotropic hormone release 


cDNA DK:FZP434J214* 


2.7 


4.16 


2.10 


2.J1 


Hs.12813 


Unknown, (role in telomere maintenance) 


ECM 


ND 


5.77 


2.10 


3.54 


Hs.268107 


actor VA^'a-binding protein. 














(carrier protein for platelet factor V), 














(extracellular matrix or adhesive protein). 


EST* 


2.0 


2.20 


2.39 


2.43 


Hs. 156044 


Unknown 


EST* 


HSC 


2.34 


1.75 


2.16 


Hs.272148 


Unknown, similar to PRO0478 protein 


FOSB, G0S3. GOSB 


HSC 


2.53 


3.53 


2.38 


Hs.75678 


dimerizes with proteins of the J UN family, regulate: 














V 

of celt proliferation, differentiation, and 














transformation 


GATA3.HDR, MGC5445 


ND 


4.84 


4.07 


4.23 


Hs. 169946 


Member of a GATA family of Zinc-finger 



transcription factors; involved in T-cell antigen 
regulation 
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GBP2 


2.2 


4.55 


2.31 


2.04 


Hs. 171 862 


GERP, TR1M8* 


3.0 


3.15 


2.06 


2.83 


Hs.54580 


GUCyiA3 


ND 


4.29 


2.72 


2.06 


Hs.75295 


GUCY1B3 


HSC 


2.06 


2.00 


2.15 


Hs.77890 


H1F0,H10,H1FV, 


2.2 


4.72 


4.05 


2.34 


Hs.226117 


MGC5241 












H1F2,H1.2, HISTIHIC, 


ND 


2.72 


5.42 


3.23 


Hs.7644 


MGC:3992 












H2A histone family, member 


ND 


4.53 


4.17 


3.43 


(AL353759) 


L 












H2AFA,H2A.1.H2A.2, 


ND 


2.42 


5.06 


4.03 


Hs.121017 


H2A/a, HISTIH2AE 












H2AF0, H2A, H2A.2, 


ND 


2.26 


5.90 


3.20 


Hs.795 


H2A/0, H2a-615 












H2AFO, H2A. H2A.2, 


ND 


2.02 


5.66 


2.87 


Hs.795 


H2A/0, H2a-6I5 












H2B histone family, member 


ND 


3.72 


3.89 


5.06 


(AL353759) 


B 












H2BFA, H2B/a, H2B.IA, 


2.0 


3.35 


2.90 


3.54 


Hs.352109 


HISTJH2BC 












H2BFB, H2B/b, H2B.IB, 


2.0 


2.72 


4.56 


3.66 


Hs. 180779 


HrRIP2, HIST1H2BD, 












dJ22IC16.6 












H2BFG, H2B/g. HIST1H2BF 


2.0 


2.18 


4.06 


5.35 


Hs.l 82137 


H2BFL, H2B.l,H2B/!. 


2.0 


2.61 


7.2! 


3.70 


Hs.356901 


Hlo 1 1 HZbL, dJ22I CI 6.3 












H2BFQ, H2B.GL105, 


2.0 


3.01 


6.65 


2.81 


Hs.2178 


H2B.l,H2B/q 












H2BFT,H2B/S, H2BFAiii 


2.0 


2.53 


3.14 


3.70 


Hs.247817 


H3FB, H3/b,HISTIH3D 


2.0 


2.04 


2.26 


5.98 


Hs. 143042 


H3GK, H3/k,H3FIK 


2.7 


2.01 


3.26 


3.35 


Hs.70937 



GTPase that converts GTP to GDP and GMP 

(Tumor Suppressor) 

subunit of soluble guanylate cyclase; heterodimer 
with the beta 1 subunit of GUCYl A3 functions as 
the receptor for nitric oxide and nitrovasodilator, 

converts GTP to cGMP 

subunit of soluble guanylate cyclase; heterodimer 
with the alpha 1 subunit of GUCYl A3 functions as 
the receptor for nitric oxide and nitrovasodilator, 
converts GTP to cGMP 

Hl(0)-type member of the HI histone family; helps 
compact DNA into nucleosomes and high-order 
chromatin structures 

Member 2 of the HI histone family of proteins; helps 
compact DNA into nucleosomes and high-order 
chromatin structures 
Unknown 

Member A of the H2A histone family; involved in 

compaction of DNA into nucleosomes 

Member O of the H2A histone family; involved in 

compaction of DNA into nucleosomes 

Member O of the H2A histone family; involved in 

compaction of DNA into nucleosomes 



Member A of the H2B histone family; involved in 
compaction of DNA into nucleosomes 
Member B of the H2B histone family; involved in 
compaction of DNA into nucleosomes 

Member G of the H2B histone family; involved in 

compaction of DNA into nucleosome 

Member L of the H2B histone family; involved in 

compaction of DNA into nucleosomes 

Member of the H2B histone family; may be involved 

in compaction of DNA into nucleosomes 

This gene encodes a member of the histone H2B 
family, (unknown) 

Member B of the H3 histone famil>r, involved in 
compaction of DNA into nucleosomes 
Member K of the H3 histone family; involved in 
compaction of DNA into nucleosomes 
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HLA-DQA1,DQA1,HLA- 


0.2 


9.36 


2.02 


2.02 


DQ,HLA-DQA 










HLA-DQBI.lDDMl. HLA- 


1.0 


2.92 


3.58 


2.89 


DQB 










HLA-E 


4.8 


9.17 


3.19 


2.05 


HLF* 


32.0 


60.89 


12.90 


1019 


H0XA3* 


ND 


6.72 


5.03 


3.08 


H0XB6 


ND 


11.04 


1.81 


5.37 


HPIP 


3.6 


5.89 


2.73 


2.35 


HSP25 


4.0 


3.06 


7.21 


4.98 


HSPC053* 


4.5 


8.50 


3-73 


2.93 


HUSI-U, SPINK2 


7.3 


1329 


3.07 


3.22 


IDU 


HSC 


2.02 


1.22 


2.95 


lEGF, PDGFD, MSTP036 


2.8 


2.69 


2.21 


2.64 


INPP4B 


2.4 


4.19 


2.44 


2.67 



K1AA0125* ND 

KIAA1102 5.0 

KLF2* HSC 

KLF4* 2.5 

LAGY,HOP* 2-5 

MDSI ND 

MLLT3* ND 

MPLV,CDlI0* HSC 

NPR3 ND 



5.50 


2.39 


2.23 


Hs.38365 


20.30 


6-79 


3-92 


Hs.202949 


3.31 


3.18 


5.31 


Ms. 107740 


4.93 


2.42 


2.48 


Hs.356370 


12.95 


3.59 


2.83 


Hs.13775 


3.64 


4.86 


2.95 


Hs.54504 


6.10 


4.03 


2.45 


Hs-404 


20.48 


2.28 


2.64 


Hs.84171 


3.97 


2.43 


2.07 


Ms. 123655 



Alpha 1 chain of HLA-DQl class II molecule (la 
antigen); complex binds peptides and presents them 
to CD4+ T lymphocytes 

Highly similar to A class JI molecule beta chain (la 

antigen) (murine H2-Abi); may bind and present 

peptides to CD4+ T lymphocytes; contains an 

immunoglobulin (Ig) domain 

Nonclassical MHC 1 molecule; associates with beta 

2-microglobulin 

(similar ro transcription factors involved in 

developmental stage- specific gene expression) 
transcription factor, spatially and temporally 
regulated during embryonic development 
Transcription factor 

inhibits the binding of PBX 1-HOX complexes to 
DNA 

(may function in thcrmotolerance and drug 

resistance) 

Unknown 

protease inhibitor 

Cholesterol metabolism, interconverts isopentenyl 
diphosphate and dimethylally! diphosphate during 
isoprenoid synthesis 

Mitogenic factor for cells of mesenchymal origin, 

member of the platelet-derived growth factor family 

phosphatidylinositol signaling, removes the 

phosphate group at position 4 of the inositol ring 

from inositol 3,4-bisphosphate 

Unknown 

Unknown 

Transcription factor 

Transcription Factor,regulates genes involved in 
epidermal barrier function 

Unknown 

Unknown, (Similar to the PR domain of the zinc- 
finger protein RIZ ) 

Unknown 

Member of the Hematopoietic receptor superfamily, 
capable of immortalizing bone marrow 
hematopoietic cells from different lineages 
involved in clearance of natriuretic peptides, and 
required for timing of endochondral ossification 
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modulates transcriptional activity of the estrogen 
receptor, interacts with the hormone-dependent 
activation domain AF2 of nuclear receptors 
actin-binding protein, L isoform is expressed only in 
hemopoietic cell lineages, while the T isoform has 
been found in all other normal cells of solid tissues 
that have replicative potential (fibroblasts, 
endothelial cells, epithelial cells, melanocytes, etc.) 
negative regulator of p21 -activated kinase PAK, 
Ca2+/calmodulin-dependent protein kinase 
phosphatases promoting apoptosis 
binds phorbol esters 
Unknown 

(RNA metabolism) 
Unknown, low similarity to ROBOl 
component of the small 40S ribosomal subuni 
member of a family of actin-cross linking proteins, 
(may crosslink actin proteins of the membrane- 
associated cytoskcleton ) 

a Kunitz-type protease inhibitor that inhibits fibrin 
clot formation 

cytokine, shown to trigger the activation of 
MAPK8/JNK, caspase 8, and caspase 3 
protein translocation apparatus of the endoplasmic 
reticulum (ER; membrane 
Unknown 
Unknown 

^ Genes marked with an * were confirmed by qRT-PCR 

^HSC denotes that SAGE tags were only detected in the HSC population and not in the 
HPC population, ND indicates that unique, reliable SAGE tags M^ere not available for this 
transcript 

^Unigene cluster numbers are given when available. Those numbers in parenthesis 
indicate the Genebank assession number for those genes that have not been assigned 
Unigene Cluster numbers. 



NRIPl 


HSC 


5.55 


5.04 


3.75 


Hs. 1550 17 


PLS3 


3.3 


4.18 


2.35 


2.43 


Hs.4114 


PPM1F,FEM-2,P0PX2, 


3.0 


6.08 


2.86 


3.09 


Hs.278441 


KJAA0015 












PRKCH 


2.5 


8.41 


2.72 


2-15 


Hs-315366 


RA-GEF,KIAA0313, 


3.0 


4.04 


2.94 


2.87 


Hs. 154545 


DKFZP58601422 












RBPMS, HERMES* 


HSC 


52.96 


3.92 


5.25 


Hs. 80248 


ROB04* 


2.0 


U.91 


7.92 


5.22 


Hs.111518 


RPS21 


2.0 


3.18 


1.48 


2.10 


Hs.356317 


SPTBNI 


7.3 


5.92 


3.26 


2.51 


Hs. 107 164 


TFPI 


HSC 


4.11 


2.44 


2.34 


Hs. 170279 


TRAIL 


2.0 


3.32 


2.27 


3.41 


Hs.83429 


TLOCl 


2.0 


3.89 


2.38 


2.52 


Hs.8146 


Unnamed* 


ND 


3.43 


1.56 


2.47 


Hs. 130694 


WWPl 


2.0 


3.32 


2.26 


2.06 


Hs.355977 
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Table 2. Genes M/wfer-represented in the CD34"^/CD38"/Lin" population from all three 
tissues (BM, CB, PBSC). 



Common Namefs)^ Fold Decrease^ 





BM 


CB 


PBSC 


1 


3.97 


2.70 


3.05 


ADRP 


7.04 


5.97 


4.78 


AiCAP2, AKAPKL, AKA?- 


2.37 


2.47 


10.13 


KL, KIAA0920, 








DKFZp564L0716 








ALY* 


3.41 


1.65 


2.15 


APOCl 


7.78 


5.05 


4.66 


BM28, CCNL1,CDCU, 


5.25 


3.22 


5.54 


D3S3I94, KIAA0030 








CIQBP 


3.39 


3.07 


2.23 


CCNB2* 


6.69 


10.26 


2.38 


CDIOS.HUMINAE* 


2.78 


2.55 


2.14 


PHP A 7* 








cDNA D1CFZP434L0718 


2.74 


2.22 


2.48 


cDNA DlCFZp586C0224 


2.49 


3.23 


2.79 


cDNA DJCFZp686LI553 


10.92 


4.17 


2.24 


cDNA FU20249 


2.93 


1.50 


3.36 


cDNA FU20378 ESTs* 


2.49 


1.65 


2.21 


cDNA FU20378* 


3.15 


2.55 


2.39 


cDNA FU20489 EST 


8.90 


3.75 


2.75 


cDNA FU20958 ESTs 


3.74 


14.24 


6.19 


cDNA FU2II20 


4.79 


35.46 


7.43 


cDNA FU21763 


2.09 


1.88 


2.35 


cDNA FU22940 


4,26 


2.12 


2.35 


cDNA FU23376 


3.03 


2.41 


2.11 


cDNA FU23386 


4.85 


3.32 


2.96 


CHKl 


4.89 


4,21 


2.67 



UniGene^ 
(GeneBank) 

Hs. 117950 
Hs.3416 

Hs.42322 



Known/(Predicted) Function 

purine biosynthesis 

Increase in mRN A levels is one of the earliest 
indications of adipocyte differentiation 
A kinase anchor protein; (may function in signaling 
systems polarity) 



( AF047002. 1 ) transcription factor 
Hs.268571 activated v/hen monocytes differentiate into 

macrophages 
Hs .57 1 0 1 regu lates entry into S phase 

Hs.78614 inhibits complement-mediated lysis 
Hs. 1 94698 may play a key role in transforming growth factor 
beta-mediated cell cycle contro 
Hs.85 1 preferentially expressed on human intestinal 

intraepithelial lymphocytes (lEL , may serve as an 
accessory molecule for lEL activation 
(A Y029 1 79. 1 ) identified as a c-Myc responsive gene, and behaves 
as a direct c-Myc target gene, suggesting its 
involvement in c-Myc-mcdiated cell transformation 
Hs.59236 Unknown 
(ALU7653.1) Unknown 
Hs.35962 Unknown 
Hs.389657 Unknown 
Hs.34549 Unknown 
Hs.343588 Unknown 
Hs. 165909 Unknown 
Hs.21766 Unknown 
Hs. 133546 Unknown 
(AK025416.1) Unknown 
Hs.15277 Unknovim 
(AK027029.1) Unknown 
(AK027039.1) Unknown 
Hs.20295 Protein kinase; inhibits mitotic entry after DNA 

damage, required for the DNA damage checkpoint 
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CPA3 


3.62 


5.52 


4.10 


Hs.646 


CSF2RB 


3.51 


2.94 


10.69 


Hs.285401 


CYP3* 


9.04 


4.29 


2.93 


Hs. 173 125 


dJ616B8.3 


8.09 


2.09 


3.28 


(BC001068.] 


DKC, NAP57,NOLA4, 


2.35 


2.35 


2.54 


Hs.4747 


XAPlOI.dyskcrin 










DLCI 


8.09 


4.93 


13.05 


Hs.8770 


DNAJC6* 




77 
J.I I 


J. ZD 




DNAJC9 


4.36 


2.64 


2.78 


Hs.44131 


EDN, RNS2* 


15.36 


11.97 


2.27 


Hs.728 


EKLF* 


6.64 


5.56 


3.85 


Hs.37860 


ERH 


2.55 


2.19 


2.13 


Hs. 118757 


EST 


4.69 


1.71 


2.24 


Hs.393212 


EST 


3.44 


1.93 


2.44 


Hs.396419 


EST 


2.13 


1.77 


2.38 


Hs356481 


FABP5 


4.85 


2.83 


2,99 


Hs. 1531 79 


FACTPI40 


2.86 


2.42 


2.03 


Hs. 14963 


FKSG14* 


1 1 .JO 


^ in 

J. lU 






FLR 


6.26 


4.59 


2.09 


Hs,76289 


GS3955* 


19.68 


21.88 


21.34 


Hs. 1554 18 


H2AZ 


4.99 


4.24 


. 2.18 


Hs.1 19192 


HAKAJ 


2.38 


3.23 


4.55 


Hs^92767 



Mast cell carboxypeptidase A is a secretory granule 
metalloexopeptidase 

CSF2RB is a common beta chain of the high affinity 

receptor for IL-3, IL-5 and CSF 

catalyze the cis to trans isomerization of certain 

proline imidic peptide bonds in oligopeptides 

Unknown 

binds telomerase RNA, may have cell cycle and 
nucleolar functions 

(DLCI is a candidate tumor suppressor gene for 
human liver cancer, as well as for prostate, lung, 
colorectal, and breast cancers) 
Molecular Chaperonin 
Molecular Chaperonin 

Eosinophil-derived neurotoxin; has neurotoxic and 
ribonuclease activities; member of ribonuclease 
superfamiiy 

transcriptional activator of the adult beta-globin 
promoter 

related to the conserved Drosophila gene DROER, a 

trans-acting regulator that acts as an enhancer of the 

rudimentary gene. The rudimentary gene itself is an 

important enzyme in the pyrimidine pathway 

Unknown 

Unknown 

Unknown 

binds stearic acid, (may have a role keratinocyte 
differentiation) 

Subunit of chromatin-specifTc transcription 
elongation factor; interacts specifically with histonc 
H2A/H2B 

SoxLZ/Sox6 leucine zipper binding protein 
The final step in heme metabolism in mammals is 
catalyzed by the cytosolic enzyme biliverdin 

reductase 
Unknown 

Member Z of the H2A histone family; involved in 

compaction of DNA into nucleosomes 

HAKAl is an E3 ubiquitin ligase (see UBE3A; MIM 

601623) that mediates ubiquitination of the CDHl 

complex 
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HBB 


22.82 


54.88 


10.18 


Hs. 155376 


The alpha (HBA) and beta (HBB) loci determine the 












structure of the 2 types of polypeptide chains in adult 












hemoglobin, Hb A 


HBD 


14.26 


6.91 


6.32 


Hs.36977 


Two alpha chains (HBA) plus two delta chains 












constitute HbA-2 


HERG, LQT2 


3.59 


5.94 


4.37 


Hs. 188021 


Voltage-gated (delayed rectifier) potassium channel; 












forms the Ikr channels that are important for cardiac 












rhythm 


HMS.PLS,CPPI,DPP1, 


2.29 


2.03 


2.08 


Hs. 10029 


lysosomal cysteine (thiol) protease 


PALS 












HTOU 


3.12 


2.64 


2.57 


Hs.267923 


Unknown 


HTM4, CD20L* 


28.04 


16.46 


10.49 


Hs-99960 


UnknownLow similarity to CD20 and to the beta 












subunit of FCERIB; (may play a role in signal 












transduction) 


HZwint-1 


6.S8 


5.13 


2.81 


Hs.42650 


clearly involved in kinetochore function although an 












exact role is not known, Phosphorylated during 












mitosis 


KIAAOlOl 


6.56 


9.93 


4.61 


HS.S1892 


unknown 


KIAA0750 gene product 


3.75 


3.89 


3.06 


Hs.3 14434 


Unknown 


LOCI 15106 


2.24 


1.87 


2.22 


Hs. 1 841 64 


Unknown 


LOC51053 


6.09 


4.02 


2.05 


Hs.234896 


inhibits DNA replication during cell cycle S, G2, and 












M phases 


MBP, BMPG* 


12.01 


70.88 


14.75 


Hs.99962 


plays a role in inflammation; similar to lectins and 












the homing receptor* of lymphocytes 


MCAK* 


5.93 


6.41 


2.44 


Hs.69360 


anaphase chromosome segregation and may be 












required to coordinate the onset of sister centromere 












separation 


MCM2, CDC47 


3.41 


2.57 


2.78 


Hs.77152 


chromatin-binding protein, has a probable role in 












DNA replication, thought to be 'DNA licensing 












factors' which bind to the DNA after mitosis and 












enable DNA replication before being removed during 












S phase 


MCM6 


4.20 


3.90 


3.94 


rid. 1 jjHsj^ 


inougiii lo DC L/is/\ licensing Euciors wnicn Dma lo 












the DNA after mitosis and enable DNA replication 












before being removed during S phase 


MF1,RAD2, FEN-1 


5.07 


4.92 


5.04 


Hs.4756 


double-stranded DNA 5'-3' exonucleasc 


MGC5350 


2.91 


3.09 


2.05 


Hs.71331 


Unknown 


MPO 


20.56 


50.77 


63.17 


Hs.409228 




MRPL14 


3.29 


1.92 


4.28 


Hs.343579 


Mammalian mitochondrial rtbosomal proteins are 












encoded by nuclear genes and catalyze protein 












synthesis within the mitochondrion 


MRPL27 


4.73 


1.69 


2.47 


Hs.7736 


encoded by nuclear genes and catalyze protein 



synthesis within the mitochondrion 
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MRPS23 


4.00 


4.08 


2.94 


Hs.5836 


MTHFQMTHFD 


2.85 


2.07 


2.05 


Hs.l 72665 


not named 


5.65 


2.47 


2.86 


(AL109939) 


not named 


5.33 


Z84 


7.65 


(AF308301.1] 


ODCl 


2.12 


2.85 


2.45 


Hs.75212 


PML 


2.93 


2.08 


2.66 


Hs. 178576 


P4HB 


3.39 


3.95 


2.59 


Hs.75655 


P5 


2.10 


2.13 


2.08 


Hs.l 82429 


PCCB 


4.35 


2.53 


2.03 


Hs.63788 


PCWA 


5.04 


4.74 


4.58 


Hs.78996 


PLACE1005453 


2.88 


2.55 


2.41 


(AU 156956) 


RAMP* 


4.32 


4.02 


4.64 


Hs.l 26774 


SIP* 


2.32 


3.64 


2.26 


Hs.27258 


SLCIIA3 


4.25 


2.62 


2.62 


Hs.5944 


SMN, OP18,PP17,PP19, 


3.95 


2.31 


2.05 


Hs.250811 



PR22. LAPIS* 



SNX5 



2.78 1.65 3.55 



SUCLA2 

TFR, CD7I 
TFR2 



2.63 3.36 2.13 

5.28 2.86 4.07 
9,00 3.01 3.41 



Hs.13794 



Hs. 1822 1 7 

Hs.77356 
Hs.63758 



encoded by nuclear genes and catalyze protein 
synthesis within the mitochondrion, encodes a 28S 
subunit protein 

involved in niethionine, thymidylate, and de novo 

purine syntheses 

Unknown 

Unknown 

catalyzes the decarboxylation of ornithine into 

putnescine 

Unknown 

catalyzes formation of 4-hydroxyproIine in collagens 

protein disulfide isomerase 

degrades branched-chain amino acids 

processivity factor for DNA polymerases delta and 

epsilon 

Unknown 

Unknown, regulated during the retinoic acid-induced 
neuronal differentiation, 
binding protein for the calcium binding protein, 
calcyclin; however, the consequence of this protein 
binding has not yet been detemiined 
Ferroportin 1; transports iron across placental 
syncytiotrophoblasts to the embryo 
This gene encodes a ubiquitous cytosolic 
phosphoprotein proposed to function as an 
intracellular relay integrating regulatory signals of 
the cellular environment. A possible role for this 
gene in growth regulation, as well as its expression 
pattern and chromosomal location, suggests an 
involvement in the development of neuroblastomas 
and melanomas. 
Unknown 

(This gene encodes a member of the sorting nexin 
family. Members of this family contain a phox (PX) 
domain, which ts a phosphoinosilide binding domain, 
and are involved in intracellular trafficking.) 
forms succinyl-CoA from succinate with a 
concomitant hydrolysis of ATP 
binds and internalizes the iron carrier transferrin 
binds and internalizes the iron carrier transferrin 
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TNFSF13B* 2.35 5.03 2.00 Hs.270737 This cytokine is expressed in B cell lineage cells, and 

acts as a potent B cell activator. It has been also 
shown to play an important role in the proliferation 
and differentiation of B cells 

TYMS 6.37 7.46 6. 1 2 Hs.82962 catalyzes reductive methylation of dUMP to dTMP 

VLCS,VLACS 6.36 3.05 5.75 Hs.n729 convert free long-chain fatty acids into fatty acyl- 

CoA esters, and thereby play a key role in lipid 
biosynthesis and fatty acid degradation. This isozyme 
activates long-chain, branched-chain and very-long- 
chain fatty acids containing 22 or more carbons to 
their CoA derivatives 

^ Genes marked with an * have been confirtned by qRT-PCR 

^Unigene cluster numbers are given when available. Tftose numbers in parenthesis 
indicate the Genebank assession number for those genes that have not been assigfied 
Unigeiie Clusters. 
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Equivalents 

Those skilled in the art will recognize, or be able to ascertain using no more than 
routine experimentation, many equivalents to the specific embodiments of the invention 
described herein. Such equivalents are intended to be encompassed by the following claims. 
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Claims: 

1. A support matrix having attached thereto a polynucleotide of sufficient length to 
hybridize specifically to a complementary polynucleotide in solution under higji stringency 
hybridization conditions, wherein said polynucleotide has a sequence complementary to a 

5 gene selected from the genes listed in Table 1 . 

2. A support matrix according to claim 1 having attached thereto a plurality of said 
polynucleotides. 

3. A support matrix according to claim 1 having attached thereto at least 10 said 
polynucleotides. 

10 4. A support matrix according to claim 1 having attached thereto at least 20 said 
polynucleotides. 

5. A support matrix according to claim 1 having attached thereto at least 50 said 
polynucleotides. 

6. A support matrix according to claim 1 having attached thereto at least 100 said 
15 polynucleotides. 

7. The support matrix of claim 1, wherein said polynucleotide has a sequence 
complementary to a gene selected from the group consisting of: CD52, KIT, FLT3, GATA- 
2, GATA-3, p27, HoxA5, HoxA9, CD34, and MDm. 

8. The support matrix of claim 1, wherein said polynucleotide has a sequence 
20 complementai-y to Hepatic Leukemia Factor (HLF) or PPHN cDNA. 

9. The support matrix of claim 1, wherein said polynucleotide has a sequence 
complementary to CEBPB cDNA. 

10. The support matrix of claim 1, wherein said polynucleotide has a sequence 
complementary to GATA-3 cDNA. 

25 11. The support matrix of claim 1, wherein said polynucleotide has a sequence 
complementary to HoxA3 cDNA. 

12. The support matrix of claim 1, wherein said polynucleotide has a sequence 
complementary to HoxB6 cDNA. 

13. The support matrix of claim 1, wherein said polynucleotide has a sequence 
30 complementary to hepatopoietic Pbx-interacting protein (HPIP) cDNA. 

14. The support matrix of claim 1, wherein said polynucleotide has a sequence 
complementary to Krupple-like factor 2 (KLF2) cDNA. 

15. The support matrix of claim 1, wherein said polynucleotide has a sequence 
complementary to Krupple-like factor 4 (KLF4) cDNA. 
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16. The support matrix of claim 1, wherein said polynucleotide has a sequence 
complementary to myelodysplastic syndrome gene 1 (MDSl) cDNA. 

17. The support matrix of claim 1, wherein said polynucleotide has a sequence 
complementary to NRIP1/RIP140 cDNA. 

> 18. The support matrix of claim 1, wherein said polynucleotide has a sequence 
complementary to a histone cDNA. 

19. The support matrix of claim 1, wherein said polynucleotide has a sequence 
complementary to a gene listed in Table 1, the expression of which is increased at least 15 
fold in CD34VCD38"/Lin" cells over CD34VCD38+/Lin+ cells in bone marrow, cord blood, 

) mobilized peripheral blood or non-mobilized blood. 

20. The support matrix of claim 1, wherein said polynucleotide has a sequence 
complementary to a gene listed in Table 1, the expression of which is increased at least 10 
fold in CD34+/CD38-/Lin- cells over CD34+/CD38+/Lin+ cells in bone marrow, cord blood, 
mobilized peripheral blood or non-mobilized blood. 

) 21. The support matrix of claim 1, wherein said polynucleotide has a sequence 
complementary to a gene Usted in Table 1, the expression of which is increased at least 5 fold 
in CD34+/CD38-/Lin- cells over CD34+/CD38+/Lin+ cells in bone marrow, cord blood, 
mobilized peripheral blood or non-mobilized blood. 

22. The support matrix of claim 1, wherein said polynucleotide has a sequence 
) complementary to a gene listed in Table 1 , the expression of which is increased at least 2 fold 

in CD34-f/CD38-/Lin- cells over CD34+/CD38H-/Lin+ cells in bone marrow, cord blood, 
mobilized peripheral blood or non-mobilized blood. 

23. The support matrix of claim 1, wherein said polynucleotide has a sequence 
complementary to a gene listed in Table 1, said gene having a known or predicted function. 

i 24. The support matrix of claim 1, wherein said polynucleotide has a sequence 
complementary to a gene listed in Table 1, said gene having a fiinction selected from the 
group consisting of signaling, transcription, and DNA structure. 

25. The support matrix of claim 1, wherein said polynucleotide has a sequence 
complementary to a gene listed in Table 1, said gene having an unknown function. 
) 26. A support matrix having attached thereto a polynucleotide of sufficient length to 
hybridize specifically to a complementary polynucleotide in solution under high stringency 
hybridization conditions, wherein said polynucleotide has a sequence complementary to a 
gene selected firom the list of genes in Table 2. 
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27. A support matrix according to claim 26 having attached thereto a plurality of said 
polynucleotides. 

28. A support matrix according to claim 26 having attached thereto at least 10 said 
polynucleotides. 

5 29. A support matrix according to claim 26 having attached thereto at least 20 said 
polynucleotides. 

30. A support matrix according to claim 26 having attached thereto at least 50 said 
polynucleotides. 

31. A support matrix according to claim 26 having attached thereto at least 100 said 
10 polynucleotides. 

32. The support matrix of claim 26, wherein said polynucleotide has a sequence 
complementary to a gene hsted in Table 2, the expression of which is decreased at least 15 
fold in CD34+/CD38-/Lin- cells over CD34+/CD38+/Lin+ cells in bone marrow, cord blood, 
mobilized peripheral blood or non-mobilized blood. 

15 33. The support matrix of claim 26, wherein said polynucleotide has a sequence 
•complementary to a gene hsted in Table 2, the expression of which is decreased at least 10 
fold in CD34+/CD38-/Lin- cells over CD34+/CD38+/Lin+ cells in bone marrow, cord blood, 
mobihzed peripheral blood or non-mobilized blood. 

34. The support matrix of claim 26, wherein said polynucleotide has a sequence 
20 complementary to a gene listed in Table 2, the expression of which is decreased at least 5 fold 

in CD34+/CD38-/Lin- cells over CD34+/CD38+/Lin+ cells in bone manow, cord blood, 
mobilized peripheral blood or non-mobilized blood. 

35. The support matrix of claim 26, wherein said polynucleotide has a sequence 
complementary to a gene listed in Table 2, the expression of which is decreased at least 2 fold 

25 in CD34+/CD38-'/Lin- cells over CD34-f/CD38+/Lin+ cells in bone manrow, cord blood, 
mobilized peripheral blood or non-mobilized blood. 

36. The support matrix of claim 26, wherein said polynucleotide has a sequence 
complementary to a gene listed in Table 2, said gene having a known or predicted function. 

37. The support matrix of claim 26, wherein said polynucleotide has a sequence 
30 complementary to a gene hsted in Table 2, said gene having a function selected from the 

group consisting of signaUng, transcription, cell cycle, and protein synthesis. 

38. The support matrix of claim 26, wherein said polynucleotide has a sequence 
complementary to a gene listed in Table 2, said gene having an unknown function. 
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39. A method of identifying whether a cell suspension comprises hematopoietic stem 
cells, comprising the steps of: 

(a) Providing a cell suspension of bone marrow, umbilical cord blood, mobilized 
peripheral blood cells or non-mobilized blood; 
5 (b) Obtaining mRNA from the cell suspension; 

(c) Assaying said mRNA for the presence of mRNA species which hybridize to a 
polynucleotide of sufficient length to hybridize specifically to a complementary 
polynucleotide under high stringency hybridization conditions, wherein said polynucleotide 
has a sequence complementary to a gene selected from the genes listed in Table 1. 
1 0 40. The method of claim 39, comprising the further steps of: 

(a) Substantially enriching the cell suspension in cells displaying the CD34 antigen on the 
cell surface; 

(b) Substantially depleting the cell suspension of cells displaying the CD38 antigen on the 
cell surface; and, 

15 (c) Substantially depleting the cell suspension of cells displaying the Lin antigen on the 
cell surface, 

41. The method of claim 40, wherein said substantially enriching and depleting steps are 
carried out prior to obtaining mRNA from the cell suspension. 

42. The method of claim 39, wherein said assaying step is carried out by contacting said 
20 mRNA with a support matrix having said polynucleotide attached thereto. 

43. The method of claim 39, wherein said support matrix has a plurality of said 
polynucleotides attached thereto. 

44. The method of claim 41, wherein said cell suspension is cultured prior to obtaining 
mRNA from the cell suspension, 

25 45. A method of determining when a cultured cell suspension derived from bone marrow, 
cord blood, mobilized peripheral blood or non-mobilized blood has become substantially 
enriched in hematopoietic stem cells, comprising the steps of: 

(a) Obtaining mRNA from the cultured cell suspension; and, 

(b) Assaying said mRNA for the presence of mRNA species which hybridize to a 
30 polynucleotide of sufficient length to hybridize specifically to a complementary 

polynucleotide under high stringency hybridization conditions, wherein said polynucleotide 
has a sequence complementary to a gene selected from the genes listed in Table 1, 
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Wherein tlie presence of an mRNA species which hybridizes specifically to said 
polynucleotide indicates that said cultured cell suspension has become enriched in 
hematopoietic progenitor cells. 

46. The method of claim 45, wherein said cultured cell suspension is substantially 
5 enriched in cells displaying the CD34 surface antigen. 

47. The method of claim 46, wherein said cultured cell suspension is substantially 
depleted of cells displaying the CD38 and Lin antigens. 

48. A method of reconstituting hematopoiesis in a subject in need thereof, comprising the 
steps of: 

10 (a) Providing a cultured cell suspension of histocompatible bone marrow, umbilical cord 
blood, or mobilized peripheral blood cells or non-mobilized blood cells; 

(b) Assaying said cultured cell suspension for the presence of a hematopoietic stem cell 
mRNA species according to claim 51; and, if said mRNA species is present, 

(c) Administering said cultured cell suspension to the subject in need thereof. 

15 49. A method of determining whether cells having undesired proliferative capacity are 
present in a subject having leukemia or lymphoma, comprising the steps of: 

(a) Obtaining a tissue sample comprising blood cells from said subject; 

(b) Obtaining mRNA jfrom cells in said tissue sample; 

(c) Assaying said mRNA for the presence of mRNA species which hybridize to a 
10 polynucleotide of sufficient length to hybridize specifically to a complementary 

polynucleotide under high stringency hybridization conditions, wherein said polynucleotide 
has a sequence complementary to a gene selected from the genes listed in Table 1, 
wherein the presence of an mRNA species which hybridizes specifically to said 
polynucleotide indicates that said tissue sample comprises cells having undesired 
15 proliferative capacity. 

50. A method of identifying whether a cell suspension comprises hematopoietic stem 
cells, comprising the steps of: 

(a) Providing a cell suspension of bone marrow, umbilical cord blood, mobilized 
peripheral blood cells or non-mobilized blood cells; 
0 (b) Obtaining mRNA from the cell suspension; 

(c) Assaying said mRNA for the presence of mRNA species which hybridize to a 
polynucleotide of sufficient length to hybridize specifically to a complementary 
polynucleotide under high stringency hybridization conditions, wherein said polynucleotide 
has a sequence complementary to a gene selected from the genes listed in Table 1; and, 
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(d) Assaying said mRNA for the presence of mRNA species which hybridize to a 
polynucleotide of sufficient length to hybridize specifically to a complementary 
polynucleotide under high stringency hybridization conditions, wherein said polynucleotide 
has a sequence complementary to a gene selected jfrom the genes hsted in Table 2, 
5 Wherein an enrichment of mRNA species assayed in step (c ) and a depletion of mRNA 
species assayed in step (d) indicates the presence of hematopoietic stem cells in said cell 
suspension. 

51 . The method of claim 50, comprising the further steps of: 

(a) Substantially enriching the cell suspension in cells displaying the CD34 antigen on the 
10 cell surface; 

(b) Substantially depleting the cell suspension of cells displaying the CD38 antigen on the 
cell surface; and, 

(c) Substantially depleting the cell suspension of cells displaying the Lin antigen on the 
cell surface. 

15 52. The method of claim 51, wherein said substantially enriching and depleting steps are 
carried out prior to obtaining mRNA from the cell suspension. 

53. The method of claim 52, wherein said cell suspension is cultured prior to obtaining 
mRNA from the cell suspension. 

54. A method of determining when a cultured cell suspension derived fiom bone marrow, 
20 cord blood, mobilized peripheral blood or non-mobilized blood has become substantially 

enriched in hematopoietic stem cells, comprising the steps of: 

(a) Obtaining mRNA from the cultured cell suspension; 

(b) Assaying said mRNA for the presence of mRNA species which hybridize to a 
polynucleotide of sufficient length to hybridize specifically to a complementary 

25 polynucleotide under high stringency hybridization conditions, wherein said polynucleotide 
has a sequence complementary to a gene selected from the genes listed in Table 1; and, 

(c) Assaying said mRNA for the presence of mRNA species which hybridize to a 
polynucleotide of sufficient length to hybridize specifically to a complementary 
polynucleotide under high stringency hybridization conditions, wherein said polynucleotide 
has a sequence complementary to a gene selected from the genes listed in Table 2, 
Wherein an enrichment of mRNA species assayed in step (b) and a depletion of mRNA 
species assayed in step (c ) indicates the presence of hematopoietic stem cells in said cell 
suspension. 
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55. A method of reconstituting hematopoiesis in a subject in need thereof, comprising the 
steps of: 

(a) Providing a cultured suspension of histocompatible bone marrow, umbilical cord 
blood, mobilized peripheral blood cells or non-mobilized blood cells; 
5 (b) Assaying said cultured cell suspension for the presence of hematopoietic stem cell 
mKNA species according to claim 54; and, if said mRNA species is present, 
(c) Administering said cultured cell suspension to the subject in need thereof 

56. The method of claim 54 or 55, wherein said cultured cell suspension is substantially 
enriched in cells displaying the CD34 surface antigen. 

10 57. The method of claim 56, wherein said cultured cell suspension is substantially 
depleted of cells displaying the CD38 and Lin antigens. 

58. A method of determining whether cells having undesired proliferative capacity are 
present in a subject having leukemia or lymphoma, comprising the steps of: 

(a) Obtaining a tissue sample comprising blood cells from said subject; 

15 (b) Obtaining mRNA from cells in said tissue sample; 

(c) Assaying said mRNA for the presence of mRNA species which hybridize to a 
polynucleotide of sufficient length to hybridize specifically to a complementary 
polynucleotide under high stringency hybridization conditions, wherein said polynucleotide 
has a sequence complementary to a gene selected from the genes listed in Table 1; and, 

10 (d) Assaying said mRNA for the presence of mRNA species which hybridize to a 
polynucleotide of sufficient length to hybridize specifically to a complementary 
polynucleotide under high stringency hybridization conditions, wherein said polynucleotide 
has a sequence complementary to a gene selected from the genes listed in Table 2, 
wherein an enrichment of mRNA species assayed in step (c) and a depletion of mRNA 

:5 species assayed in step (d) indicates that said tissue sample comprises cells having undesired 
proliferative capacity. 

59. A biochip comprising a support matrix having attached thereto a plurality of 
polynucleotides of sufficient length to hybridize specifically to a complementary 
polynucleotide in solution under high stringency hybridization conditions, wherein said 

0 polynucleotides have sequences complementary to genes selected independently from the 
genes listed in Table 1. 

60. A biochip comprising a support matrix having attached thereto a plurality of 
polynucleotides of sufficient length to hybridize specifically to a complementary 
polynucleotide in solution under high stringency hybridization conditions, wherein said 
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polynucleotides have sequences complementary to genes selected independently from the 

genes listed in Table 2. 

61. An isolated population of cells substantially enriched in hematopoietic stem cells 
over-expressing mRNA of genes listed in Table 1 . 

5 62. The isolated population of cells of claim 61 further under-expressing mRNA of genes 
listed in Table 2. 

63. A method of making a neural cell comprising culturing a hematopoietic stem cell of 
claim 61 in a media that contains an appropriate amount of a neural cell differentiation factor 
under appropriate conditions and for a sufficient period of time for the hematopoietic stem 

1 0 ceU to differentiate into a neural cell. 

64. A method of making an endothelial cell comprising culturing a hematopoietic stem 
cell of claim 61 in a media that contains an appropriate amount of a endothelial cell 
differentiation factor under ^propriate conditions and for a sufficient period of time for the 
hematopoietic stem cell to differentiate into an endothelial cell. 

15 65. A method of making a hepatocyte comprising culturing a hematopoietic stem cell of 
claim 61 in a media that contains an appropriate amount of a hepatocyte differentiation factor 
under appropriate conditions and for a sufficient period of time for the hematopoietic stem 
cell to differentiate into a hepatocyte. 

66. A method of making a muscle cell comprising culturing a hematopoietic stem cell of 
10 claim 61 in a media that contains an appropriate amount of a muscle cell differentiation factor 
under appropriate conditions and for a sufficient period of time for the hematopoietic stem 
cell to differentiate into a muscle cell. 
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Mobilized Perpheral Blood 
(519 genes differentially expressed) 
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Figure 4 



Unsorted CD34+/38Vlin- CD34+/[38/lin]+ 
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